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ROBERT  GRANT  AITKEN 

December  31,  1864 — October  29,  1951 

BY   WILLEM   H.   VAN   DEN    BOS 


KIBERT  GRANT  AITKEN  was  born  on  December  31,  1864,  in  Jackson, 
California,  and  died  on  October  29, 1951,  in  Berkeley,  California. 

His  father,  Robert  Aitken,  came  to  America  from  Scotland  and 
his  mother,  Wilhelmina  Depinau,  was  the  daughter  of  German  im- 
migrants. 

His  early  education  followed  classical  rather  than  scientific  lines, 
as  his  mother  wished  him  to  enter  the  ministry.  In  1880  he  entered 
the  Oakland  High  School  and  in  1883  Williams  College,  still  with 
the  ministry  in  view.  However,  he  also  took  courses  in  biology  and 
astronomy  and  did  some  work  in  the  observatory  under  Truman 
Safford.  He  graduated  in  1887,  but  as  a  result  of  his  reading  he  felt 
— though  he  remained  a  deeply  religious  man  to  the  end  of  his  days 
— that  he  could  not  become  a  preacher  of  the  orthodox,  doctrinaire 
theology  of  the  day.  He  accepted  a  position  as  house  master  in  the 
Hopkins  Academy,  Oakland. 

In  1888  Aitken  married  his  high  school  classmate,  Jessie  L. 
Thomas,  and  accepted  a  position  as  head  teacher  in  Livermore  Col- 
lege, where  he  stayed  until  1891,  when  he  was  appointed  professor  of 
mathematics  in  the  (then)  University  of  the  Pacific.  Here  he  found 
a  little  observatory,  equipped  with  a  good  6-inch  Clark  refractor  and 
a  small  reversible  transit.  He  made  the  acquaintance  of  Barnard  and 
Holden  of  the  Lick  Observatory,  and  at  last  his  future  career  began 
to  take  shape. 
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In  June,  1894,  he  spent  a  fortnight  on  Mount  Hamilton  as  Holden's 
guest  and  a  year  later  repeated  his  visit,  this  time  accompanied  by 
his  family.  He  remained  at  Lick  for  the  next  forty  years,  retiring  in 
June,  1935.  Starting  as  Assistant  Astronomer,  Aitken  was  promoted 
to  Astronomer  in  1907,  Associate  Director  in  1923,  and  Director  in 
1930. 

At  first  his  time  was  devoted  to  all  kinds  of  routine  work  and  to 
the  observation  of  comets,  asteroids,  satellites,  double  stars,  and  orbit 
computation,  but  double  stars  took  an  ever  larger  part  of  his  time 
and  it  is  as  a  double  star  astronomer — and  assuredly  as  one  of  the 
greatest  of  them — that  Aitken  will  be  remembered. 

When  Aitken  started  his  career  at  Lick,  the  dominant  figure  in 
double  star  astronomy  was  Sherburne  Wesley  Burnham.  Burnham — 
like  Dawes  and  Dembowski  and  many  other  well-known  double 
star  observers,  an  amateur  astronomer — initiated  the  second  era  of 
double  star  astronomy,  which  began  with  the  last  quarter  of  the 
nineteenth  century.  After  the  pioneer  work  of  the  Herschels  and 
Struves,  the  mistaken  opinion  had  taken  hold  that,  as  far  as  finding 
new  double  stars  was  concerned,  the  skies  were  exhausted.  Burnham 
soon  showed  that,  even  with  a  6-inch  refractor,  many  double  stars 
remained  to  be  found.  When  he  had  the  opportunity  of  using  tele- 
scopes of  greater  power,  culminating  in  the  Lick  36-and  Yerkes  40- 
inch  refractors,  his  discoveries  continued  unabated,  and  it  became 
clear  that  the  number  of  double  stars  as  yet  undiscovered  but  within 
the  grasp  of  such  powerful  instruments  considerably  exceeded  the 
known  pairs. 

Aitken  was  well  aware  of  this;  also,  he  was  convinced  that  the 
prerequisite  for  statistical  investigations  was  a  systematic  survey,  in 
which  all  stars  down  to  a  certain  magnitude  were  to  be  inspected  for 
duplicity,  using  a  powerful  modern  telescope.  Consequently  he 
started  such  a  survey  in  1899,  his  colleague  Hussey  joining  forces 
with  him  soon  afterwards.  All  stars  given  in  the  Bonner  Durchmus- 
terung  as  not  fainter  than  9.0  (Aitken)  or  9.1  (Hussey),  down  to 
14  degrees  southern  declination  or,  during  the  more  favorable  sea- 
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son.,  22  degrees,  were  to  be  tested.  Some  of  the  searches  were  made 
with  the  (excellent)  12-inch  Lick  refractor,  but  the  great  majority 
with  the  36-inch. 

When  Hussey  left  Lick  in  1905,  Aitken  took  over  his  zones  and 
finished  the  survey  in  1915.  It  resulted  in  the  discovery  of  about 
4,400  new  pairs,  of  which  more  than  3,000  were  Aitken's.  Nearly  all 
of  them  have  separations  under  5"  and  many,  though  by  no  means 
all,  are  very  close  and  difficult  pairs  to  measure. 

Even  this  great  survey  has  not  exhausted  the  northern  skies;  a 
considerable  number  of  new  pairs  has  been  discovered  since  its  com- 
pletion, quite  apart  from  those  fainter  than  the  ninth  magnitude. 
No  survey,  no  matter  how  carefully  done,  can  ever  be  exhaustive: 
there  will  always  be  pairs  escaping  discovery  because  their  separa- 
tion happens  to  be  too  small  at  the  time  of  inspection,  though  well 
within  the  telescope's  grasp  at  other  times,  or  for  other  reasons. 

Nevertheless,  this  type  of  survey  is  the  only  one  capable  of  answer- 
ing a  number  of  questions  of  a  statistical  nature  and  Aitken,  after 
its  completion,  embarked  on  some  statistical  investigations,  the  re- 
sults of  which  he  published  in  his  well-known  textbook  The  Binary 
Stars,  the  first  edition  of  which  appeared  in  1918,  and  a  revised  edi- 
tion in  1935.  He  was,  however,  first  and  foremost  an  outstanding 
observer  and  his  major  contributions  to  his  chosen  field,  apart  from 
the  survey,  consist  of  his  careful  and  accurate  measurements,  kept 
up  right  through  his  active  career,  of  thousands  of  close  and  difficult 
pairs,  his  own  discoveries  as  well  as  others.  Numerous  orbits  were 
computed  when,  to  Aitken's  cautious  mind,  the  data  of  observation 
seemed  to  justify  the  attempt.  Though  in  the  first  rank  as  a  double 
star  discoverer,  Aitken  never  forgot  that  discovery  is  only  the  first 
step  in  a  double  star's  history  and  that  the  mere  fact  whether  a 
particular  star  is  or  is  not  double  is  of  comparatively  small  impor- 
tance; discovery  must  be  followed  up  by  regular  remeasurement, 
covering  decades  if  not  centuries,  so  that  the  motion  may  be  found 
and  ultimately  the  orbit  computed.  It  is  only  after  this  stage  has  been 
reached  that  the  pair  can  supply  information  of  great  value  to  astro- 
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nomical  science,  such  as  a  knowledge  of  stellar  masses — data  of 
fundamental  importance  in  stellar  research.  The  binary  stars  with 
known  orbits  also  supply  the  observational  material  for  studies  of  the 
statistical  distribution  of  their  periods  of  revolution,  eccentricity  of 
the  orbit,  semi  axes  major,  orientation  in  space  of  orbit  planes  and  of 
major  axes  with  respect  to  the  galactic  plane,  etc.  Aitken  deals  with 
all  these  aspects  of  double  star  astronomy  in  The  Binary  Stars,  in  ad- 
dition to  chapters  on  its  historical  development,  methods  of  observa- 
tion and  orbit  computation,  spectroscopic  and  eclipsing  binaries, 
hypotheses  on  the  origin  of  the  binary  and  multiple  stars,  etc. 

In  1932,  shortly  before  the  end  of  his  active  career  as  a  double  star 
observer,  Aitken  published  his  magnum  opus:  New  General  Cata- 
logue of  Double  Stars  within  120°  of  the  North  Pole. 

In  the  course  of  the  nineteenth  century  a  vast  amount  of  observa- 
tional material  on  double  stars  and  multiple  stars  in  the  form  of 
measurements,  orbits,  and  theoretical  studies  had  been  accumulated. 
This  information  was  scattered  over  a  large  number  of  more  or  less 
accessible  publications  and  periodicals,  so  that  the  task  of  collecting 
a  complete  set  of  data  on  a  particular  object  became  more  and  more 
difficult.  The  need  was  felt  of  a  compact  and  reliable  source  of  ref- 
erence which  would  spare  the  investigator  the  burden  of  hunting 
blindly  through  a  large  astronomical  library. 

It  was  Burnham  who  supplied  this  by  the  publication,  in  1906,  of 
his  General  Catalogue  of  Double  Stars  within  221°  of  the  North 
Pole,  while  Innes,  at  the  Cape  Observatory,  had  covered  the  southern 
hemisphere  by  his  Reference  Catalogue,  published  in  1899.  These 
works  were  of  inestimable  value  to  any  astronomer  requiring  infor- 
mation on  double  star  matters,  but  they  gradually  became  out  of 
date  and,  after  the  lapse  of  another  quarter  of  a  century,  die  need  for 
a  supplement  or  revision  became  apparent.  Aitken's  friend  and  col- 
league, Eric  Doolittle,  had  taken  over  Burnham's  task  of  compilation 
and  had  kept  a  card  catalogue  up  to  date. 

Shortly  before  Doolittle's  death  in  1920,  he  handed  over  his  cards 
to  Aitken,  who  brought  them  up  to  date  and  used  them  in  the 
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preparation  of  his  New  General  Catalogue,  known  to  every  astrono- 
mer as  the  ADS.  This  is  complete  to  1927  and  supplies,  when  com- 
bined with  Burnham's  BDS,  all  the  information  on  double  stars  and 
multiple  stars  up  to  that  year  which  can  reasonably  be  asked  for.  At 
about  the  same  time,  Innes,  at  the  Union  Observatory,  Johannesburg, 
published  his  SDS,  a  loose-leaf  catalogue  covering  the  region  from 
19  degrees  southern  declination  to  the  South  Pole. 

At  the  present  time  the  need  for  a  further  revision  is  once  more 
felt  and  the  publication  of  a  reference  catalogue  covering  the  whole 
sky  and  based  on  the  two  card  catalogues  kept  at  Lick  and  Johannes- 
burg is  contemplated.  However,  when  such  a  publication  material- 
izes, it  will  in  no  way  render  the  ADS  obsolete,  just  as  the  publication 
of  the  ADS  did  not  make  the  BDS  obsolete.  The  ADS  is,  and  will  re- 
main, a  lasting  monument  to  Aitken's  life  work.  Even  a  superficial 
study  of  it  reveals  the  quantity  and  quality  of  Aitken's  own  contribu- 
tion as  a  double  star  observer. 

Aitken  received  many  honors,  such  as  Sc.D.  from  the  University  of 
the  Pacific  in  1903,  Williams  College  in  1917,  and  the  University  of 
Arizona  in  1923,  LL.D.  from  the  University  of  California  (Los  An- 
geles) in  1935,  the  Lalande  Gold  Medal  from  the  French  Academy  of 
Sciences  in  1906,  the  Bruce  Gold  Medal  from  the  Astronomical  So- 
ciety of  the  Pacific  in  1926,  the  Royal  Astronomical  Society's  Gold 
Medal  in  1932.  In  the  same  year,  1932,  he  delivered  the  Darwin  Lec- 
ture to  the  Royal  Astronomical  Society,  taking  as  his  subject  "What 
we  know  about  double  stars,"  a  masterly  exposition  which  should  be 
carefully  studied  by  anyone  interested  in  double  star  problems. 

Aitken  was  a  member  of  and  held  official  positions  in  several 
learned  societies:  the  Astronomical  Society  of  the  Pacific,  of  which 
he  was  President  in  1898  and  1915,  and  Editor  of  Publications  from 
1897  to  1908  and  from  1911  until  his  death,  Secretary  and  member 
of  various  committees  for  many  years;  the  American  Astronomical 
Society,  of  which  he  was  Vice-President  from  1929  to  1931  and 
President  from  1937  to  1940;  the  American  Philosophical  Society; 
the  National  Academy  of  Sciences,  in  which  he  was  chairman  of  its 
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section  of  astronomy  from  1929  to  1932;  the  American  Association 
for  die  Advancement  of  Science,  in  which  he  was  President  of  the 
Pacific  Division  in  1925,  Vice-President  and  chairman  of  Section  D 
in  1926;  the  Royal  Astronomical  Society,  of  which  he  was  an  asso- 
ciate; the  British  Astronomical  Association;  the  Rittenhouse  Astro- 
nomical Society;  Phi  Beta  Kappa;  and  Sigma  Xi. 

When,  after  the  first  World  War,  the  International  Astronomical 
Union  came  into  being  in  1919  and  organized  its  various  commis- 
sions, it  was  a  foregone  conclusion  that  Aitken  would  become  the 
first  President  of  Commision  26,  Double  Stars.  He  was  succeeded  in 
this  function  by  Hertzsprung  in  1928,  but  remained  a  member  of 
the  Commission  until  his  death.  After  his  retirement  he  was  elected 
Honorary  President  of  the  Commission,  a  gesture  by  his  colleagues 
which  the  Grand  Old  Man  of  double  star  astronomy  greatly  appre- 
ciated. 

In  infancy  Aitken's  health  was  rather  delicate  as  a  result  of  a 
severe  attack  of  pneumonia,  and  he  did  not  go  to  school  until  he  was 
nine  years  old  but  in  his  later  years  he  had  a  strong  constitution, 
which  enabled  him  to  work  as  hard  as  he  did— long  nights  of  visual 
observing  with  a  large  telescope  are  a  strenuous  form  of  sport.  Even 
in  old  age  he  recovered  from  a  serious  illness  as  well  as  from  the 
effects  of  a  street  accident  when,  as  a  result  of  his  deafness,  he  was 
run  over  by  an  automobile  in  the  streets  of  Berkeley. 

His  deafness  was  an  affliction  of  long  standing,  although  with  the 
help  of  a  hearing  aid  he  was  able  to  follow  a  lecture  and  to  enjoy  a 
concert  He  was  very  fond  of  good  music  and,  not  being  a  performer, 
obtained  great  satisfaction  from  his  player-piano. 

The  death  of  Mrs.  Aitken  in  1943,  a  few  years  after  they  retired 
from  Mount  Hamilton  to  Berkeley,  affected  him  greatly,  but  he  ob- 
tained strength  from  his  conviction  that  the  separation  would  be 
temporary  and  short.  He  took  a  deep  interest  in  the  welfare  of  his 
children — three  sons  and  a  daughter  survive  him — ,  his  eight  grand- 
children, and  nine  great-grandchildren,  and  was  happy  that  many 
of  them  lived  near  enough  to  him  so  that  he  could  see  them  often. 
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Aitken  was  not  in  the  least  like  the  scientist  of  fiction  in  his  ivory 
tower;  he  took  a  deep  and  active  interest  in  civic  matters  and  in  the 
popularization  of  astronomy,  to  which  he  devoted  even  more  of  his 
time  after  retirement.  He  was  in  demand  as  a  lecturer  and  a  regular 
contributor  of  popular  articles  on  astronomical  subjects  in  the  Leaf- 
lets of  the  Astronomical  Society  of  the  Pacific. 
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KEY  TO  ABBREVIATIONS 

A . J .  =  Astronomical  Journal 

A.N.  =  Astronomische  Nachrichten 

A.S.P.L.  =  Astronomical  Society  of  the  Pacific  Leaflets 

L.O.B.=Lick  Observatory  Bulletin 

L.O.P.  —  Lick  Observatory  Publications 

M.N.  =  Monthly  Notices  of  the  Royal  Astronomical  Society 

MA  A  A.S.  =  Memoirs  of  the  American  Academy  of  Arts  and  Sciences 

P  .A.  =  Popular  Astronomy 

P.A.S.P.  =  Publications  of  the  Astronomical  Society  of  the  Pacific 

P.N.A.S.  — Proceedings  of  the  National  Academy  of  Sciences 

S.F.  Argonaut  =  San  Francisco  Argonaut 

S.F.  Bulletin  =  San  Francisco  Bulletin 

S.M.  =  Scientific  Monthly 
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OSWALD  THEODORE  AVERY  was  born  in  Halifax,  Nova  Scotia,  on 
October  21, 1877.  He  came  to  the  United  States  with  his  family 
at  an  early  age,  settling  in  New  York  City,  where  he  spent  all  of  his 
active  scientific  life.  He  was  a  man  of  great  simplicity  and  singleness 
of  purpose,  endowed  with  unusual  powers  of  concentration  on  those 
matters  of  science  which  aroused  his  curiosity;  and  the  interest  they 
evoked  endured  throughout  his  life.  He  was  by  nature  somewhat 
reticent  and  seldom  permitted  the  ordinary  distractions  of  life  to 
divert  him  from  those  scientific  problems  in  which  he  was  so  com- 
pletely immersed.  The  long  list  of  his  achievements  which  grew  in 
importance  to  the  very  end  of  his  life  is  testimony  of  his  capacity 
for  logical  and  progressive  thinking  and  for  using  and  developing 
for  his  purposes  his  own  techniques  and  those  of  other  sciences,  par- 
ticularly those  of  biochemistry. 

Avery  was  graduated  with  an  A.  B.  degree  from  Colgate  Uni- 
versity in  1900,  and  received  his  M.  D.  degree  from  the  College  of 
Physicians  and  Surgeons  of  Columbia  University  in  1904.  After 
graduation  from  medical  school,  Avery  spfent  a  few  years  in  the  prac- 
tice of  clinical  medicine,  which  supplied  him  with  some  amusing 
stories  but  did  not  attract  him  sufficiently  for  him  to  make  his  career 
in  that  field.  Hp  subsequently  joined  and  cooperated  with  Benjamin 
White,  Director  of  the  Hoagland  Laboratory  in  Brooklyn,  where  he 
became  Associate  Director  of  the  Division  of  Bacteriology.  Thus  he 
instinctively  selected  the  subject  to  which  he  was  to  devote  his  life 
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work  and  in  which  he  was  later  to  become  famous.  While  here  he 
began  to  familiarize  himself  with  the  activities  of  certain  species  of 
bacteria  and  their  relationship  to  infectious  diseases.  The  work  from 
the  very  beginning  led  him  in  the  direction  of  analytical  thinking 
and  of  the  investigation  of  the  subject  of  immunity.  The  character  of 
his  work  attracted  the  interest  of  Dr.  Rufus  Cole,  Director  of  the 
Hospital  of  the  Rockefeller  Institute,  who  invited  him  to  become  a 
member  of  that  organization.,  with  which  he  became  associated  in 
1913.  Here  he  found  satisfaction  and  happiness  and  the  environment 
which  he  needed  for  the  full  development  of  his  growing  interest  in 
bacteriology.  He  continued  as  a  member  of  the  staff  of  the  Rocke- 
feller Hospital  until  his  retirement  in  1948  and,  during  this  time, 
among  other  bacteriological  and  immunological  subjects,  he  devoted 
himself  in  large  part  to  the  study  of  a  single  microorganism,  the 
pneumococcus,  the  cause  of  lobar  pneumonia,  until  more  was  known 
about  that  organism  than  about  almost  any  other  bacterium.  The 
volume  of  Avery's  work  was  large  and  its  breadth  was  such  that  its 
implications  for  bacteriology  in  general  and  related  fields  were  of 
profound  significance. 

During  the  time  when  Avery  was  progressively  developing  his 
knowledge  of  the  pneumococcus,  he  promoted  and  engaged  in,  with 
the  assistance  of  his  colleagues,  a  number  of  important  investigations 
of  general  bacteriological  interest,  using  the  pneumococcus  and  cer- 
tain other  microorganisms  for  this  purpose.  With  K.  G.  Dernby  he 
determined  the  optimum  and  limiting  hydrogen  ion  concentration 
for  the  growth  of  the  pneumococcus  and  showed  that  the  observed 
concentrations  for  the  growth  of  bacterial  races  are  probably  as 
definite  and  characteristic  as  those  for  enzyme  action.  With  G.  E. 
Cullen  he  showed  that  the  final  hydrogen  ion  concentration  reached 
in  the  growth  of  a  hemolytic  streptococcus  differed  between  strains 
of  human  and  bovine  origin  as  to  the  ultimate  end  point.  This  dem- 
onstration constituted  a  simple  and  rapid  method  for  the  differentia- 
tion of  human  and  bovine  types  of  streptococcus  hemolyticus.  It  is  of 
some  interest  that  in  the  studies  of  the  different  types  of  pneumococ- 
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cus  all  the  fermentable  carbohydrates  used  gave  identical  results  in 
the  rate  of  reaction  change  and  in  the  final  hydrogen  ion  concentra- 
tion reached. 

Avery  participated  with  Theodor  Thjotta  and  H.  J.  Morgan  in  a 
number  of  studies  on  bacterial  nutrition.  It  had  been  shown  that  the 
microorganism  hemophilus  influenzae,  a  strictly  hemoglobinophilic 
organism,  will  grow  in  hemoglobin  free  medium  consisting  of  plain 
broth  enriched  by  sterile  suspensions  or  extracts  of  mucoid  bacteria. 
This  observation  was  extended  by  a  study  of  the  growth  require- 
ments of  the  so-called  hemophilic  bacilli  of  which  H.  influenzae 
served  as  a  type.  The  growth  stimulating  action  of  extracts  of  yeast 
and  of  vegetable  cells,  and  the  importance  of  blood  as  a  source  of 
growth  accessory  substances  were  studied.  The  growth  of  H.  influ- 
enzae depends  upon  two  distinct  and  separable  substances.  Both  are 
present  in  blood,  but  neither  alone  suffices  for  growth.  One  is  a  vita- 
min-like substance  extractable  from  red  blood  cells,  yeast,  and  vege- 
table cells,  and  is  relatively  heat  labile;  and  the  other  is  an  iron-con- 
taining substance  which  is  heat  stable  and  is  present  in  red  blood 
cells.  Both  occur  in  plant  as  well  as  in  animal  tissue,  so  that  sterile 
raw  potato  serves  as  a  substitude  for  blood  in  the  cultivation  of  H. 
influenza.  Further  studies  showed  that  plant  tissue  also  has  a  growth 
accelerating  action  on  other  microorganisms  such  as  pneumococcus, 
streptococcus  hemolyticus,  and  streptococcus  viridans.  It  also  facili- 
tates the  growth  of  anaerobic  bacteria  under  aerobic  conditions,  since 
it  furnishes  certain  necessary  growth  accessory  substances  and  pro- 
vides an  oxidizing-reducing  system  whose  action  destroys  toxic  per- 
oxides of  bacterial  origin. 

In  a  series  of  studies  in  cooperation  with  J.  M.  Neill,  Avery  pre- 
sented the  results  of  an  examination  of  the  nature  of  the  oxidation- 
reduction  systems  of  sterile  extracts  of  pneumococcus.  These  active 
systems  consist  of  two  components:  (i)  a  thermo-labile  constituent 
of  the  pneumococcus  cell  which  is  not  removed  by  washing;  (2) 
thermo-stable  substances  which  are  lacking  in  washed  cells  and 
which  are  not  necessarily  of  pneumococcus  origin,  since  they  may  be 
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supplied  by  muscle  infusion  and  yeast  extract.  The  character  of 
these  reactions  is  determined  by  the  presence  or  absence  of  molecular 
oxygen.  In  the  presence  of  molecular  oxygen,  active  extracts  were 
shown  to  exhibit  the  following  activities :  consumption  of  molecular 
oxygen,  formation  of  peroxide,  oxidation  of  hemoglobin,  and  oxida- 
tion and  destruction  of  the  hemolysin  and  intracellular  enzymes 
contained  in  pneumococcus  extracts.  All  of  these  oxidations  are  ex- 
amples of  "oxygen  activation,"  whereby  substances  themselves  not 
reactive  with  molecular  oxygen  are  easily  oxidized  by  agents  formed 
during  the  oxidation  of  other  substances.  Analysis  of  these  processes 
shows  that  the  active  systems  consist  of  two  components,  one  of 
which  is  diermoJabile,  the  other  thermo-stable.  By  themselves  the 
thermo-stable  substances  react  slowly  with  molecular  oxygen  to 
form  oxidizing  agents,  and  in  the  absence  of  molecular  oxygen  they 
establish  conditions  under  which  methemoglobin  and  other  sub- 
stances are  slowly  reduced.  In  the  presence  of  the  thermo-labile 
component,  the  reactions  of  oxidation  and  reduction  are  markedly  ac- 
celerated. This  latter  component  is  wholly  nonreactive  with  molecu- 
lar oxygen,  possesses  no  reducing  power,  and  seems  to  be  catalytic  in 
nature.  When  present  together,  these  substances  constitute  systems 
responsible  for  many  of  the  biological  oxidations  and  reductions  of 
the  living  cell. 

Avery  in  collaboration  with  G.  E.  Cullen  made  an  interesting 
study  of  the  intracellular  enzymes  of  pneumococcus  and,  as  a  result, 
suggested  their  relationship  to  the  metabolic  activity  of  the  cell.  The 
demonstration  of  the  intracellular  agents  was  affected  by  breaking 
down  the  cell  structure  by  suitable  means  and  making  extracts  which 
were  tested  for  enzymatic  activity.  In  this  way,  active  cell-free  agents 
were  obtained  which  hydrolyzed  intact  protein  to  some  extent  and 
which  hydrolyzed  peptones  with  striking  avidity.  An  active  esterase 
was  also  isolated  as  were  such  carbohydrate-splitting  enzymes  as  in- 
vertase,  amylase,  and  inulinase.  On  the  other  hand,  fermentation  of 
dextrose  could  not  be  demonstrated.  These  studies  indicated  that  the 
enzymes  described  were  not  secretory  products  of  the  pneumococcus 
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but  were  of  the  nature  of  endo-enzymes,  since  their  activity  could  be 
demonstrated  only  when  cell  disintegration  had  occurred. 

At  the  time  when  Avery  joined  the  staff  of  the  Hospital  of  the 
Rockefeller  Institute,  the  study  of  the  pneumococcus  and  its  relation- 
ship to  lobar  pneumonia  had  been  in  progress  for  about  three  years. 
As  a  result  of  this  study,  pneumococci  had  been  separated  by  means 
of  immunological  reactions  into  two  different  groups  by  Dochez  and 
Gillespie.  The  first  group  consisted  of  Types  I,  II,  and  III,  which 
could  be  sharply  differentiated  from  one  another  by  serological  tests 
and  were  found  only  in  association  with  severe  examples  of  lobar 
pneumonia  or  in  the  mouths  of  individuals  in  close  contact  with 
such  cases  of  pneumonia.  The  other  group  consisted  of  strains  as- 
sociated with  lobar  pneumonia  in  a  much  smaller  percentage  of  in- 
stances, and  was  of  greater  serological  diversity.  These  latter  strains 
resembled  the  varying  types  of  pneumococcus  found  in  the  mouths 
of  healthy  normal  individuals.  On  his  arrival,  Avery  joined  in  the 
study  of  the  immunological  classification  of  pneumococci  and  added 
to  this  classification  several  new  serological  types.  As  the  study  passed 
to  other  hands,  many  new  immunological  types  were  discovered.  On 
the  whole,  the  original  Types  I,  II,  and  III  remained  fairly  constant 
in  from  60  to  80  percent  of  cases  as  the  causative  agents  of  the  severe 
and  highly  fatal  instances  of  lobar  pneumonia.  The  results  of  these 
studies  brought  about  a  more  exact  knowledge  of  the  character  of 
pneumococcus  infection  of  the  lung,  and  shed  a  considerable  amount 
of  new  light  on  the  etiology  and  epidemiology  of  lobar  pneumonia. 

In  1917  Dochez  and  Avery  reported  the  elaboration  of  a  specific 
soluble  substance  by  the  pneumococcus  during  its  growth  in  culture 
medium.  This  substance  was  identical  immunologically  with  the  type 
of  pneumococcus  growing  in  the  culture  and  was  present  in  large 
amounts  at  a  time  when  little  or  no  cell  disintegration  had  taken 
place.  The  substance  consequently  did  not  represent  dead  dissolved 
bacterial  protein,  but  was  due  to  the  elaboration  and  passage  into 
solution  of  a  substance  which  was  the  product  of  the  life  activity  of 
the  pneumococcus  cell.  That  it  was  not  an  intracellular  substance 
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liberated  at  the  death  and  disintegration  of  the  pneumococcus  was 
proven  by  the  fact  that  it  was  already  present  in  considerable  quan- 
tities at  a  time  when  no  intracellular  hemolysin  was  present  in  the 
culture  medium.  The  intracellular  hemolysin  is  liberated  only  on  the 
death  and  disintegration  of  the  cell,  and  the  curve  of  hemolysin  did 
not  begin  to  rise  until  a  time  when  the  curve  of  the  soluble  substance 
had  almost  attained  its  maximum  elevation. 

The  formation  of  a  soluble  substance  by  the  pneumococcus  on 
growth  in  vitro  suggested  the  probability  that  an  analogous  sub- 
stance would  be  formed  on  growth  of  the  organism  in  the  animal 
body,  and  because  of  the  readiness  with  which  the  substance  passed 
into  solution  it  was  expected  that  there  would  be  no  difficulty  in 
demonstrating  it  in  the  body  fluids  of  animals  experimentally  in- 
fected with  pneumococcus  and  in  those  of  human  beings  suffering 
from  lobar  pneumonia.  This  was  found  to  be  the  case,  since  a  spe- 
cific precipitin  reaction  with  antipneumococcus  serum  correspond- 
ing to  the  type  of  organism  with  which  the  animal  or  human  being 
was  infected  was  easily  demonstrated  in  the  blood  serum  and  urine 
during  the  period  of  infection.  The  discovery  of  this  substance  was  of 
great  importance  to  Avery's  subsequent  study  of  the  pneumococcus, 
since  it  served  as  the  point  of  departure  for  much  of  his  succeeding 
research. 

From  1922  onward,  Avery,  Heidelberger,  and  their  associates  un- 
dertook a  chemical  study  of  the  soluble  specific  substances,  which 
Avery  believed  were  an  important  key  to  the  whole  subject  of  the 
immunological  specificity  of  bacteria.  Papers  were  published  show- 
ing that  the  soluble  specific  substances  of  the  pneumococcus  were 
polysaccharides,  the  first  instance  in  which  carbohydrates  were  shown 
to  be  involved  in  immune  reactions.  The  soluble  substances  of  Type 
II  and  Type  III  pneurnococci  were  found  to  be  nitrogen-free  carbo- 
hydrates, the  former  made  up  mainly  of  glucose,  and  the  latter  com- 
posed of  aldobionic  acid  units.  The  Type  I  polysaccharide  was  nitro- 
gen-containing, and  made  up  in  part  of  galactouronic  acid. 

Differences  in  bacterial  specificity  were  related  by  Avery  and 
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Heidelberger  to  characteristic  chemical  differences  in  the  substances 
responsible;  where  these  substances  were  similar,  cross-reactivities 
were  found  to  occur,  and  accounted  chemically  for  the  observed  spec- 
ificities. A  whole  new  field  of  bacteriology,  immunology,  and 
chemistry  was  opened  up.  Many  puzzling  and  confused  observations 
in  bacteriology  and  immunology  were  thus  clarified  and  systematized 
on  a  rational  chemical  basis.  At  least  a  part  of  the  virulence,  specific- 
ity, and  behavior  of  many  important  bacteria  is  referable  to  a  specific 
polysaccharide  and  in  the  encapsulated  microorganism  this  is  the 
major  factor.  Here,  then,  is  one  of  the  principal  foundation  stones 
of  the  science  of  immunochemistry,  which  is  rapidly  including  an 
ever-widening  study  of  artificial  and  natural  antigens. 

Meanwhile,  in  the  hands  of  Avery  and  his  co-workers,  knowledge 
of  the  specific  characters  of  the  pneumococci  and  the  manner  in 
which  these  are  acquired  had  been  moving  to  a  new  pinnacle  of 
achievement.  The  culmination  of  this  knowledge  and  of  the  studies 
conducted  by  Avery  and  his  co-workers,  Dawson,  Alloway,  MacLeod, 
McCarty,  Taylor,  and  Hotchkiss,  came  with  the  announcement,  in 
1944,  that  the  fundamental  constituent  of  the  transforming  agent  of 
pneumococcus  Type  III  is  a  polymerized  desoxyribonucleic  acid. 
That  the  transformation  of  one  type  of  pneumococcus  into  a  pneu- 
mococcus of  another  type  could  occur  in  vivo  was  first  demonstrated 
by  Griffith  in  1928.  Studies  on  the  mechanism  of  experimental  trans- 
formation of  pneumococcal  types  were  carried  out  in  Avery's  labora- 
tory from  1928  to  1948. 

The  transforming  substance  was  extracted  from  heat-killed  pneu- 
mococci or  from  living  cells  caused  to  undergo  lysis.  Sodium  citrate, 
which  inhibits  the  inactivating  effect  of  pneumococcal  desoxyribonu- 
clease,  was  used  in  the  lysing  process  in  the  later  procedures.  After 
deproteinization,  the  desoxyribonucleic  acid  was  further  purified,  so 
that  an  exceedingly  minute  quantity,  0.0015  microgram  per  milliliter, 
was  capable  in  vitro  of  inducing  transformation  of  susceptible  cells 
under  proper  cultural  conditions.  Evidence  that  the  transforming 
agent  is  a  nucleic  acid  of  the  desoxyribose  type  was  obtained  by 
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chemical,  enzymatic,  serologic,  and  physico-chemical  studies  o£ 
highly  purified  material.  Elementary  analysis  showed  that  the  ma- 
terial closely  resembles  authentic  preparations  of  desoxyribonucleic 
acid  of  animal  origin.  Serological  procedures  with  anti-pneumococcal 
sera  of  appropriate  type  failed  to  reveal  the  presence  of  capsular  or 
somatic  polysaccharides  or  of  pneumococcus  protein  in  the  trans- 
forming material.,  each  of  which  would  easily  have  been  demon- 
strated by  such  tests. 

Amino  acids  were  obtained  on  hydrolysis  in  so  small  an  amount 
that  not  more  than  0.2  percent  of  protein  could  be  present.  Later 
studies  showed  that  glycine  from  the  degradation  of  adenine  was  ap- 
parently the  only  amino  acid  present  in  the  hydrolysate,  so  that  the 
possibility  that  a  specific  protein  or  nucleoprotein,  rather  than  the 
nucleic  acid  itself,  was  responsible  for  the  transforming  activity 
seemed  to  have  been  excluded  decisively. 

Highly  purified  preparations  of  the  transforming  agent  obtained 
from  pneumococcus  Type  III  made  possible  for  the  first  time  the  in- 
duction of  a  predictable  and  permanent  alteration  in  a  heritable 
character  of  the  living  cell  by  means  of  a  chemically  defined  substance 
of  known  nature.  In  other  words,  a  specific  mutation  was  induced  as 
a  result  of  specific  treatment,  an  achievement  which  had  long 
eluded  biologists.  The  broad  implications  of  the  discovery  of  the  na- 
ture of  the  transforming  agent  became  apparent  when  it  was  demon- 
strated in  Avery's  laboratory  that  desoxyribonucleic  acids,  separated 
from  a  number  of  other  types  of  pneumococci,  possess  predictable 
transforming  activity  relative  to  a  specific  cell  character.  Confirma- 
tory evidence  supporting  Avery's  interpretation  of  the  transforma- 
tion phenomenon  was  later  obtained  in  other  laboratories  with  both 
pneumococcus  and  other  microorganisms. 

As  a  result  of  these  studies  of  Avery  and  his  associates,  it  became 
apparent  that  certain  polymerized  desoxyribonucleic  acids  are  con- 
cerned with  the  heredity  of  microbial  cells  in  much  the  same  fashion 
that  genes  are  concerned  with  the  hereditary  characteristics  of  higher 
organisms. 
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The  impact  of  these  findings  upon  prevailing  concepts  of  investi- 
gators in  cytology,  genetics,  and  virology,  already  aware  that  desoxy- 
ribonucleic  acid  is  a  prominent  constituent  of  nuclei,  chromosomes, 
and  viruses,  was  of  great  importance.  It  was  now  learned  that  this 
constituent  is  the  one  functionally  operative  in  transmitting  the 
manifold  biologic  capacities  and  potentialities  of  the  germ  plasm. 
This,  in  turn,  indicated  to  biochemists  that  nucleic  acids  are  capable 
of  innumerable  variations  in  composition  and  structure.  Both  of 
these  concepts  have  received  considerable  support,  and  it  has  become 
increasingly  evident  that  they  play  an  important  part  in  the  orient- 
ing of  investigations  in  the  several  fields  concerned  with  cellular  de- 
velopment and  differentiation. 

At  the  time  the  above  investigation  was  being  presented,  from  its 
beginning  to  its  successful  conclusion  in  1948,  Avery  and  certain  of 
his  associates  engaged  in  a  number  of  collateral  studies  related  to  the 
immunological  significance  of  carbohydrates,  both  those  of  bacterial 
origin  and  certain  more  common  sugars.  As  a  result  of  these  studies 
an  antigenic  relationship  was  shown  to  exist  between  the  polysac- 
charides  and  pneumococcus  and  those  of  certain  types  of  Bacillus 
Friedlander  and  of  a  number  of  plant  gums,  such  as  gum  acacia. 
Following  this,  a  study  of  the  specificity  of  certain  azo-protein  anti- 
gens containing  simple  saccharides  of  known  chemical  constitution 
was  undertaken  with  W.  F.  Goebel.  This  study  showed  unequivo- 
cally that  the  specificity  of  carbohydrates  was  determined  by  their 
chemical  constitution  and  that  differences  in  structure,  no  matter 
how  slight,  were  invariably  reflected  in  the  specificity  of  the  anti- 
bodies which  such  antigens  evoked.  As  an  example,  the  specific  poly- 
saccharide  of  Pneumococcus  Type  T  is  characterized  by  the  presence 
of  a  highly  labile  acetyl  group.  Gentle  removal  of  this  group  de- 
prives this  polysaccharide  of  its  antigenicity  in  certain  animals  and 
alters  its  over-all  serological  specificity  as  well. 

A  species-specific  carbohydrate  distinct  from  the  capsular  polysac- 
charide was  isolated  from  the  somatic  component  of  pneumococci. 
This  substance  was  designated  as  Fraction  C.  It  subsequently  became 
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of  considerable  interest,  since  it  gave  rise  to  a  precipitating  antibody 
in  the  serum  of  patients  suffering  from  pneumonia,  which  was  pres- 
ent only  during  the  acute  phase  of  the  disease  and  disappeared  dur- 
ing convalescence.  The  antibody  is  not  specific  for  pneumonia,  but 
also  occurs  during  the  acute  phase  of  a  number  of  infections,  such  as 
rheumatic  fever,  and  in  conditions  associated  with  tissue  degenera- 
tion. Its  presence  or  absence  is  now  regularly  used  as  a  measure  of 
the  activity  of  the  clinical  condition  under  study. 

During  this  time  Avery  in  collaboration  with  Rene  Dubos  investi- 
gated the  action  of  a  bacterial  enzyme  which  decomposed  the  poly- 
saccharide  of  Pneumococcus  Type  III,  both  in  vitro  and  in  vivo. 
This  enzyme,  when  injected  in  conjunction  with  virulent  Type  III 
pneumococcus,  was  capable  of  protecting  mice,  rabbits,  and  monkeys 
against  experimental  infection  because  of  its  capacity  of  stripping 
the  virulent  cell  of  its  protective  capsular  coat.  This  constituted  one 
of  the  very  early  demonstrations  of  antibiotic  action  against  patho- 
genic microorganisms,  a  procedure  which  has  since  become  of  great 
importance  in  the  cure  of  numerous  infectious  diseases. 

Avery  also  participated  with  Dochez  and  Lancefield  in  an  im- 
munological  classification  and  antigenic  analysis  of  the  hemolytic 
streptococcus.  This  study  proved  that  this  organism  is  not  a  unit  type, 
as  was  previously  supposed,  but  consists  of  a  number  of  types  which 
can  be  definitely  identified  serologically.  Subsequent  development 
and  employment  of  the  techniques  used  resulted  in  the  establish- 
ment of  the  hemolytic  streptococcus  as  the  causative  agent  of  scarlet 
fever,  acute  rheumatic  fever,  and  hemorrhagic  nephritis,  all  of  which 
diseases  may  now  be  brought  within  the  range  of  prevention  or  cure 
by  antibiotic  agents  effective  against  the  hemolytic  streptococcus. 

Avery,  by  his  studies  of  the  chemical  basis  for  the  differences  be- 
tween the  several  types  of  pneumococcus  and  the  importance  of  car- 
bohydrates in  determining  the  antigenic  specificity  of  bacterial  and 
synthetic  antigens,  became  one  of  the  founders  of  the  modern  science 
of  immunochemistry,  a  science  which  has  rapidly  come  to  include  an 
ever- widening  range  of  studies  of  artificial  and  natural  antigens. 
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During  both  the  First  and  the  Second  World  Wars,  Avery  placed 
his  scientific  knowledge  and  skill  at  the  disposal  of  the  United  States 
Government,  serving  on  various  committees  concerned  with  the  con- 
trol of  a  number  of  important  infectious  diseases  which  are  prevalent 
among  troops  under  conditions  of  warfare.  During  his  active  career 
he  received  a  number  of  honorary  degrees:  Sc.D.,  Colgate  University, 
1921;  L.L.D.,  McGill  University,  1935:  Sc.D.,  New  York  University, 
1947;  and  Sc.D.,  Rutgers  University  1953.  In  addition,  he  was 
awarded  a  number  of  other  honors  and  prizes,  among  them  the  Paul 
Ehrlich  Gold  Medal  and  the  Copley  Medal  of  the  Royal  Society  of 
London.  He  was  elected  to  the  National  Academy  of  Sciences  in 
1933  and  was  also  a  foreign  member  of  the  Royal  Society  of  London. 

Dr.  Avery  was  a  true  scientist  with  an  insatiable  curiosity  and  a 
powerful  and  unremitting  urge  to  discover  the  innermost  mecha- 
nisms of  the  biological  facts  that  came  under  his  observation.  His  ap- 
proach to  the  solution  of  a  problem  was  characterized  by  a  logical 
simplicity  of  thought  and  a  perfection  of  technical  procedure,  com- 
bined with  a  complete  objectivity  that  guaranteed  the  soundness  of 
his  deductions.  Most  of  Avery's  associations  were  with  his  colleagues, 
by  whom  he  was  greatly  revered  and  who  have  preserved  for  him  a 
timeless  affection.  He  was  a  truly  lovable  person,  humble,  disinter- 
ested, and  generous.  The  inspiring  and  friendly  quality  of  his  leader- 
ship is  conspicuously  represented  by  his  many  former  associates  who 
now  occupy  distinguished  positions  in  medicine  in  the  United  States 
and  elsewhere,  so  that  his  light  still  burns  in  many  places  of  learning 
and  research. 
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ERNEST  BROWN  BABCOCK 

July  io}  i8jj — December  8,  1954 

BY    G.    LEDYARD    STEBBINS 


A  A  SCHOLAR  who  saw  clearly  the  valuable  contributions  which  his 
chosen  field  could  make  to  other  branches  of  knowledge,  both 
theoretical  and  applied,  Ernest  Brown  Babcock  played  a  significant 
role  in  the  development  of  the  science  of  genetics.  He  became  a  pio- 
neer in  exploring  some  of  these  extensions  of  genetics.  Many  of  the 
foremost  geneticists  and  plant  breeders  of  our  times  received  their 
early  training  through  a  study  of  the  book.  Genetics  in  Relation  to 
Agriculture,  which  he  wrote  in  collaboration  with  his  colleague, 
R.  E.  Clausen.  His  monumental  monograph  of  the  genus  Crepis  re- 
mains to  this  date  the  foremost  attempt  to  explain  the  evolution  of  a 
genus  of  plants  primarily  on  a  genetic  basis,  while  considering  at  the 
time  all  other  possible  avenues  of  approach. 

Babcock  was  born  at  Edgerton,  Wisconsin,  on  July  10,  1877,  ^e 
son  of  Emilius  Welcome  and  Mary  Eliza  (Brown)  Babcock.  He  re- 
ceived his  early  education  in  Wisconsin,  and  it  was  there  that  he  ac- 
quired the  fondness  for  and  curiosity  about  the  beauties  of  the  plant 
world  which  spurred  him  on  to  his  career.  When  he  was  in  his  teens, 
his  parents  spent  a  winter  in  California,  leaving  young  Ernest  in 
charge  of  his  mother's  conservatory.  Here  he  became  curious  about 
plant  forms,  and,  as  a  result,  started  a  home  flower  garden.  The 
sweet  peas  in  this  garden  attracted  his  interest  and,  by  scanning 
seedsmen's  catalogues,  he  acquired  many  unusual  new  varieties  which 
had  just  been  created.  Since  he  did  more  than  admire  these  novelties, 
but  began  to  wonder  how  and  why  they  came  to  differ  from  each 
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other,  his  interest  in  his  chosen  field  of  science  was  born  at  that  time. 

During  his  first  year  of  higher  education  at  Lawrence  College  in 
Appleton,  Babcock  took  many  botanizing  trips  along  the  Fox  River, 
and  there  became  interested  in  wild  plants,  the  second  of  the  two 
interests  which  he  was  later  to  unite  so  successfully  into  a  concerted 
attack  on  the  mysteries  of  plant  evolution.  The  following  year,  how- 
ever, he  moved  with  his  family  to  California,  where  he  attended  nor- 
mal school  for  two  years  and  taught  grammar  scool  for  three  more, 
During  this  time,  his  only  contact  with  his  chosen  field  of  plant  sci- 
ence was  during  the  summer  of  1900,  when  he  served  as  cook  and 
packer  on  a  three  months'  camping  trip  in  the  high  Sierra  Nevada 
with  two  other  college  students,  Harvey  M.  Hall  and  Harley  P. 
Chandler.  This  trip  began  a  lifelong  friendship  for  the  three  men,  all 
of  whom  became  plant  scientists  on  the  staff  of  the  University  of 
California.  The  enthusiasm  of  Hall  and  Chandler  for  studying  the 
native  flora  made  a  deep  impression  on  Babcock,  and  did  much  to 
direct  his  later  interest  in  genetics  toward  a  study  of  wild  plants  and 
their  evolution. 

Finally,  in  1901,  Babcock's  earnings  as  a  teacher  had  made  finan- 
cially possible  his  entrance  into  the  career  which  he  desired,  that  of 
a  plant  breeder.  Before  entering  the  College  of  Agriculture  of  the 
University  of  California,  he  went  to  Luther  Burbank  to  ask  his  ad- 
vice about  the  value  of  a  university  course  for  a  prospective  plant 
breeder.  This  genial  sage  did  not  deny  the  possible  value  of  such 
training,  but  emphasized  to  Babcock  the  importance  of  becoming 
well  acquainted  with  plants  which  he  was  going  to  breed.  Babcock 
never  forgot  this  admonition. 

Having  entered  the  University,  he  found  that  no  instruction  in 
plant  breeding  was  offered  there.  He  therefore  took  the  prescribed 
curriculum  in  agriculture,  adding  to  it  as  many  courses  of  botany  as 
possible.  In  the  summer  of  1903  Hugo  De  Vries,  one  of  the  redis- 
coverers  of  Mendel's  laws  and  the  author  of  the  mutation  theory  of 
evolution,,  visited  the  University  of  California.  His  lectures,  though 
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difficult  to  understand,  stimulated  Babcock's  interest  in  the  study  of 
evolution. 

Upon  graduating  from  college,  Babcock  devoted  his  attention  for 
eight  years  to  the  teaching  of  agriculture  and  to  experiment  station 
work,  only  part  of  which  was  in  plant  breeding.  In  1907  he  began 
his  first  project  in  plant  breeding,  at  the  newly  formed  Citrus  Ex- 
periment Station  in  southern  California.  The  raising  of  peaches  in 
that  section  of  the  country  was  hazarclous,  because  in  most  years  the 
winter  chilling  is  not  enough  to  bring  about  the  right  conditions  of 
dormancy  in  commercial  peach  varieties,  and  thus  to  enable  them  to 
respond  to  spring  temperatures  by  uniform  flowering  and  leafing. 
Babcock  noticed  that  a  Chinese  peach  variety  with  very  inferior  fruit 
was  an  exception  to  this  rule,  and  performed  consistently  well  under 
southern  California  conditions.  He  therefore  set  about  combining 
this  desirable  growth  rhythm  with  good  fruit  quality  by  crossing 
this  Chinese  variety  with  the  well-known  commercial  variety  Elberta. 
Babcock  left  his  position  at  Riverside  before  the  experiment  was 
finished,  but  his  successors  selected  from  the  progeny  of  his  cross  a 
variety  with  good  quality  and  consistent  performance  in  southern 
California,  which  they  named  after  him. 

In  1908,  Babcock  married  Georgia  Bowen,  a  childhood  friend  and 
neighbor  from  Edgerton,  Wisconsin.  In  the  same  year,  he  joined  the 
faculty  of  the  University  of  California  at  Berkeley,  where  he  re- 
mained until  his  retirement  in  1947.  In  his  new  position,  he  began  an 
investigation  of  a  curious  form  of  the  California  black  walnut,  whose 
leaves  bore  a  superficial  resemblance  to  those  of  the  California  live 
oak,  and  eventually  demonstrated  that  it  was  a  spontaneous  muta- 
tion. 

In  1913,  Thomas  Forsyth  Hunt  became  Dean  of  the  College  of 
Agriculture,  and  undertook  a  complete  reorganization  of  its  curricu- 
lum. He  asked  Babcock  to  take  charge  of  one  of  four  basic  courses 
of  the  new  curriculum,  namely,  the  principles  of  plant  and  animal 
breeding.  As  a  result,  Babcock  organized  the  Division  of  Genetics, 
one  of  the  first  departments  of  its  kind  in  the  country.  He  was  made 
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Professor  of  Genetics  and  head  of  the  division,  a  position  which  he 
held  for  thirty-four  years  until  his  retirement  in  1947. 

Babcock  had  thus  achieved  his  early  expressed  desire  to  become  a 
plant  breeder.  Furthermore,  he  entered  into  the  new  science  of 
genetics  in  the  middle  of  the  golden  age  of  its  development,  when 
the  spectacular  discoveries  of  T.  H.  Morgan  and  his  coworkers  were 
convincing  the  biological  world  of  the  general  validity  and  immense 
importance  of  the  chromosomal  theory  of  heredity.  Babcock  first  de- 
voted his  attention  to  the  difficult  problem  of  teaching  these  new  dis- 
coveries in  terms  of  their  significance  to  practical  problems  of  plant 
and  animal  breeding.  In  1914,  he  added  to  his  department  a  brilliant 
young  instructor  R.  E.  Clausen,  who  was  associated  with  him 
throughout  the  rest  of  his  life,  and  who  succeeded  him  as  head  of  the 
Department  of  Genetics.  Together,  they  produced  a  textbook,  Ge- 
netics in  Relation  to  Agriculture •,  the  first  in  its  field.  As  soon  as  it 
appeared  in  1918,  this  text  became  immediately  popular,  and  during 
the  19208  and  '30$  it  was  one  of  the  most  widely  used  of  genetics  text- 
books. A  second,  greatly  expanded  edition,  appeared  in  1927. 

When  his  teaching  program  had  become  well  established,  Bab- 
cock began  to  look  around  for  suitable  material  with  which  to  begin 
a  long  term  program  of  research  in  plant  genetics.  He  believed  that, 
although  the  impressive  conclusions  reached  by  the  Drosophila 
workers  were  almost  certainly  applicable  in  their  essential  features  to 
all  animals  and  plants,  corroborative  evidence  should  be  obtained 
from  other  organisms  before  they  could  be  considered  as  firmly  es- 
tablished. Since  the  success  of  the  Drosophila  research  depended 
partly  upon  the  fact  that  this  fly  has  a  low  chromosome  number, 
Babcock's  attention  was  attracted  by  a  plant  genus  which  also  had 
been  found  to  contain  species  with  only  six  chromosomes.  This  was 
Crepis,  a  small  weedy  relative  of  the  dandelion.  In  addition,  he  found 
that  the  species  of  Crepis  are  easy  to  raise  in  the  greenhouse,  have  a 
short  life  cycle,  and  can  be  hybridized  without  great  difficulty.  More- 
over, the  genus  contains  a  large  number  of  species  with  very  diverse 
characteristics.  Consequently,  he  reasoned  that  in  Crepis  the  geneti- 
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cist  could  study  not  only  the  properties  of  a  single  genetic  system,  but 
in  addition  the  relationships  between  different  systems.  This,  he  con- 
cluded, would  provide  fundamental  evidence  concerning  the  nature 
of  the  processes  of  evolution. 

In  1918,  he  formed  a  research  team  of  three  workers:  J.  L.  Collins, 
who  did  most  of  the  breeding  work,  Margaret  C.  Mann  (later  Mrs. 
J.  W.  Lesley),  who  carried  out  the  first  cytological  studies,  and  him- 
self as  taxonomist  and  general  planner.  This  group  brought  together 
a  number  of  species,  began  interspecific  hybridization,  and  studied 
certain  individual  genetic  characteristics  particularly  in  C,  capillaris. 
After  a  few  years,  they  realized  that  for  various  reasons  Crepis  could 
not  be  used  for  chromosome  mapping  studies  like  those  of  the  Mor- 
gan school  in  Drosophila,  but  that  it  was,  nevertheless,  favorable  ma- 
terial for  studying  interspecific  relationships  from  the  cytological  and 
genetic  point  of  view.  After  1925,  therefore,  the  research'  on  Crepis 
was  directed  almost  entirely  toward  obtaining  evidence  from  cytol- 
ogy and  genetics  to  supplement  that  from  external  morphology  re- 
garding the  interrelationships  of  species.  His  original  associates,  Col- 
lins and  Mann,  were  followed  by  a  series  of  coworkers  and  students, 
some  of  whom  were  well  known  before  their  sojourn  at  Berkeley, 
and  others  later  became  eminent  cytogeneticists  in  their  own  right. 
Among  them  were  Lillian  Hollingshead,  Jens  Clausen,  M.  S.  Na- 
vashin,  A.  Miintzing,  D.  R.  Cameron,  J.  A.  Jenkins,  S.  L.  Emsweller, 
and  M.  S.  Walters,  The  investigations  carried  on  in  collaboration 
with  these  workers  established  a  series  of  basic  facts  about  the  evolu- 
tion of  species  in  the  genus.  Species  differentiation  was  found  to 
involve  three  different  kinds  of  genetic  changes:  gene  mutations; 
structural  changes  of  the  chromosomes,  which  sometimes  caused  al- 
terations in  the  basic  chromosome  number;  and  polyploidy.  The  lat- 
ter phenomenon  was  found  only  in  a  few  groups.  Furthermore,  cer- 
tain definite  phylogenetic  trends  were  discovered  in  the  somatic 
chromosomes,  particularly  reduction  in  size  and  basic  number  in  as- 
sociation with  the  evolution  of  the  annual  habit  of  growth.  These 
findings  were  reported  in  a  number  of  publications,  particularly  a 
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partial  monographic  study  of  Crepis  by  Babcock  and  Navashin  in 
Bibliographica  Genetica  for  1930,  and  were  summarized  in  a  display 
of  the  phylogeny  of  Crepis,  illustrated  by  living  plants,  and  presented 
at  the  Sixth  International  Congress  of  Genetics  at  Ithaca  in  1932.  In 
1930,  Babcock  made  an  extensive  tour  of  the  Mediterranean  region, 
becoming  familiar  with  many  species  of  Crepis  under  natural  condi- 
tions, and  augmenting  greatly  his  collection  of  living  material. 

After  he  had  studied  living  material  of  more  than  half  of  the  spe- 
cies, he  realized  that  he  could  not  understand  fully  the  evolution  of 
this  genus  unless  he  also  learned  something  about  the  genera  related 
to  it.  In  1935,  therefore,  aided  by  grants  from  the  Carnegie  Institu- 
tion of  Washington  and  the  Rockefeller  Foundation,  he  began  a 
collaboration  with  G.  L.  Stebbins  and  }.  A.  Jenkins  with  this  in  mind. 
A  cytological  survey  of  these  related  genera  was  followed  by  a  mono- 
graphic study  of  one  of  them,  Youngia,  and  a  series  of  shorter  studies 
on  others.  As  a  result,  the  limits  of  the  genus  Crepis  became  sharply 
defined,  and  its  position  in  the  tribe  Cichorieae  of  the  family  Com- 
positae  was  accurately  determined.  A  byproduct  of  this  collaboration 
was  an  intensive  study  of  the  North  American  species  of  Crepis, 
which  was  presented  as  a  model  for  the  systematic  treatment  of 
plant  genera  characterized  by  the  presence  of  both  polyploidy  and 
asexual  or  apomictical  reproduction. 

During  the  last  few  years  before  his  retirement,  Babcock  worked 
intensively  on  the  final  stages  of  his  Crepis  monograph.  He  arranged 
the  species  into  sections,  and  worked  out  a  phylogenetic  scheme  for 
the  relationships  between  them;  he  compiled  the  data  on  chromo- 
some numbers  and  morphology,  crossability,  and  chromosome  be- 
havior in  the  hybrids,  and  geographic  distribution;  and  he  made  a 
careful  and  comprehensive  study  of  the  historical  geology,  paleontol- 
ogy, and  plant  geography  of  Eurasia.  As  a  result  of  this  study,  and  of 
his  ability  to  synthesize  and  to  see  the  relationships  between  the  facts 
which  he  had  assembled,  he  was  able  to  put  together  a  coherent  and 
logical  account  of  the  origin,  evolution,  and  migration  of  the  196 
species  of  Crepis  which  he  recognized.  This  was  the  first  attempt  of 
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a  botanist  to  explain  the  evolution  of  such  a  large  number  of  species 
on  the  basis  of  such  a  large  body  and  wide  range  of  types  of  evi- 
dence ;  and  Babcock's  Crepis  monograph  still  remains  unique  in  this 
respect. 

Published  in  1947,  his  year  of  retirement,  by  the  University  of  Cali- 
fornia Press,  the  monograph  was  recognized  at  once  by  botanists  as 
a  milestone  in  the  progress  of  plant  systematics  and  evolution.  Its 
breadth  of  scope  attracted  the  attention  of  many  botanists  working 
in  these  fields,  while  its  accuracy,  clarity,  and  careful  attention  to  de- 
tail brought  forth  the  commendations  of  specialists  on  the  various 
floras  in  which  Crepis  is  native.  It  was  the  crowning  achievement  of 
one  of  the  most  eminent  students  of  plant  evolution  of  his  generation. 

Babcock's  work  did  not  end  with  his  retirement.  He  first  occupied 
himself  with  compiling  a  brief  history  of  the  science  of  genetics, 
much  of  which  he  had  followed  during  his  lifetime.  This  was  ac- 
companied by  a  study  with  his  last  graduate  student,  M.  B.  Hughes, 
on  self  incompatibility  in  Crepis  joetida,  as  a  result  of  which  a  new 
type  of  genetic  determination  for  self  sterility  was  established. 

Finally,  he  turned  his  attention  to  the  application  of  genetics  to- 
ward replenishing  our  decreasing  resources  of  forest  products.  Since 
1932,  he  had  been  an  adviser  of  the  Institute  of  Forest  Genetics  at 
Placerville,  California,  and  had  taken  an  active  interest  in  its  work. 
During  much  of  this  time  the  Institute  had  been  an  "orphan"  of  the 
Forest  Service,  receiving  totally  inadequate  support,  and  continuing 
to  make  valuable  contributions  only  because  of  the  dedicated  service 
of  a  few  research  workers.  In  1950,  Babcock,  along  with  Dr.  F.  I. 
Righter,  Director  of  the  Institute,  aroused  the  interest  of  S.  N.  Wyck- 
off,  a  former  director  of  the  California  Forest  and  Range  Experi- 
ment Station.  Together  they  formed  the  Forest  Genetics  Research 
Foundation,  and  assembled  a  board  of  sponsors  which  included 
most  of  the  eminent  geneticists  of  the  nation.  This  approach  bore  the 
expected  results,  and  by  the  first  part  of  1954  the  Institute  of  Forest 
Genetics  had  received  from  Congress  a  greatly  increased  appropria- 
tion. His  final  paper,  "Future  Forests  and  Heredity,"  which  appeared 
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in  the  journal  American  Forests,  did  much  to  stimulate  the  now  ac- 
tive interest  in  the  application  of  genetic  science  to  tree  breeding.  The 
fact  that  his  final  work  was  directed  toward  helping  some  of  his  fel- 
low geneticists  to  overcome  their  difficulties,  and  toward  helping  to 
increase  natural  resources  which  will  be  required  by  future  genera- 
tions, illustrates  at  the  same  time  the  affection  for  his  fellow  men  and 
the  far-sighted  altruism  which  were  the  outstanding  personal  char- 
acteristics of  Ernest  Babcock. 

He  was  elected  to  the  National  Academy  of  Sciences  in  1946,  and 
held  office  in  numerous  professional  societies.  He  was  President  of 
the  Western  Society  of  Naturalists  in  1929,  of  the  California  Botani- 
cal Society  in  1940,  of  the  Society  for  the  Study  of  Evolution  in  1952, 
and  of  the  California  Academy  of  Sciences  in  1954.  He  was  Vice 
President  of  the  American  Society  of  Naturalists  in  1934,  and  As- 
sociate Secretary  Pacific  Division,  A.A.A.S.,  in  1952.  The  University 
of  California  honored  him  with  its  Faculty  Research  Lectureship  in 
1944,  and  with  the  degree  of  LL.D.  in  1950. 

To  those  who  knew  him  casually  or  intimately,  Ernest  Babcock 
was  much  more  than  an  eminent  scientist.  He  was  one  of  those  rare 
personalities  whose  kindliness  and  affection  for  his  fellow  men 
dominated  his  whole  nature.  He  was  particularly  interested  in  stu- 
dents or  fellow  scientists  who  needed  assistance  of  any  kind.  Through 
his  help,  a  large  number  of  students,  particularly  from  foreign  coun- 
tries, were  able  to  complete  their  higher  education,  and  several  older 
and  well-known  scientists  obtained  better  opportunities  for  work  or 
more  congenial  surroundings  for  their  years  of  retirement.  Ernest 
Babcock's  abiding  faith  in  the  goodness  of  mankind  and  his  cheerful 
outlook  toward  life  gained  him  the  friendship  and  affection  of  a 
large  circle  of  his  fellow  men. 
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KEY  TO  ABBREVIATIONS 

Amer.  Nat.  =  American  Naturalist 

Calif.  Agr.  Expt.  Sta.  Cir.  =  California  Agricultural  Experiment  Station  Cir- 
cular 

Carnegie  Inst.  Wash.  Yearbook  =  Carnegie  Institution  of  Washington  Yearbook 

Jour.  Bot.  =  Journal  of  Botany  (British) 

Jour.  Her  ed.  =  Journal  of  Heredity 

Proc.  Nat.  Acad.  Sci.  =  Proceedings,  National  Academy  of  Sciences 

Univ.  Calif.  Jour.  Agr. = University  of  California  Journal  of  Agriculture 

Univ.  Calif.  Publ.  Agr.  Sci.  =  University  of  California  Publications  in  Agri- 
cultural Science 

Univ.  Calif.  Publ.  Bot.  =  University  of  California  Publications  in  Botany 
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FRANCIS  GANG  BENEDICT 

October  3,  1870 — May  14,  1957 

BY  EUGENE  F.  DuBOIS  AND  OSCAR  RIDDLE 


FRANCIS  GANO  BENEDICT  was  trained  as  a  chemist  at  Harvard  and 
Heidelberg.  At  Wesleyan  University  he  shared  in  important 
biochemical  studies,  and  while  there  developed  a  capital  mechanical 
device.  As  director  (1907-1937)  of  Carnegie  Institution  of  Washing- 
ton's Nutrition  Laboratory,  in  Boston,  he  became  one  of  America's 
leading  physiologists  and  perhaps  the  foremost  investigator  of  gase- 
ous metabolism  of  his  time. 

He  was  born  October  3,  1870,  in  Milwaukee,  Wisconsin,  the  son 
of  Washington  Gano  and  Harriet  Emily  (Barrett)  Benedict.  A 
paternal  ancestor  was  Thomas  Benedict,  who  came  from  England 
about  1645  and  settled  near  Providence  and  Pawtucket,  Rhode 
Island.  Frank  was  named  for  another  paternal  ancestor,  Francois 
Gano,  who,  during  a  religious  war,  escaped  from  his  native  France 
in  a  whiskey  barrel.  When  Frank  was  seven  years  old,  the  family 
moved  to  Orange  Park,  Florida,  and  in  his  eleventh  year  they  moved 
to  Boston.  He  belonged  to  a  musically  inclined  family  that  added 
piano  lessons  to  his  public  school  education  in  these  various  cities. 

When  about  thirteen  years  old  he  attended  a  lecture  in  Boston  by 
Professor  James  F.  Babcock  on  "A  Basket  of  Coal,"  which  opened 
his  eyes  to  the  wonders  of  chemistry.  Thereafter  he  set  up  a  labora- 
tory in  the  cellar  of  his  home  where,  without  supervision,  he  per- 
formed experiments  and  fortunately  avoided  blowing  himself  to 
pieces.  One  suspects  that  the  outfitting  and  prolonged  maintenance 
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of  this  seltmade  laboratory  must  have  developed  some  of  the  me- 
chanical skills,  and  familiarity  with  numerous  gadgets  which  were 
later  of  much  use  to  the  builder  of  ingenious  devices  for  measuring 
the  heat  production  of  man,  mouse,  and  elephant. 

For  one  year  following  his  graduation  from  public  high  school  in 
Boston,  Frank  studied  chemistry  exclusively,  at  the  Massachusetts 
College  of  Pharmacy  and  later,  while  an  advanced  student  at 
Harvard  (1892-1894),  he  also  served  as  instructor  in  chemistry  at 
that  college.  He  entered  Harvard  at  the  age  of  nineteen.  There,  he 
had  the  most  important  experience  of  his  life  in  his  association 
(as  pupil  and  assistant)  with  Josiah  Parsons  Cooke,  the  professor  of 
chemistry.  He  was  granted  the  A.B.  degree  in  1893,  remained  for  a 
year  of  graduate  study,  and  obtained  the  A,M.  in  1894.  These  five 
years  at  Harvard  were  years  of  exceptionally  hard  work  which  ex- 
cluded all  extracurricular  activities.  Indeed,  the  usual  games  and 
sports  remained  always  foreign  to  the  boy  and  man.  His  father,  a 
business  man,  disapproved  of  collegiate  training  for  the  son,  wished 
for  him  a  career  in  business  and  music,  and  frowned  upon  sports  be- 
cause they  might  disable  the  hands  for  piano  playing.  At  the  end  of 
an  additional  year  of  graduate  study,  chiefly  under  Victor  Meyer, 
Heidelburg  University  granted  him  a  Ph.D.,  magna  cum  laude,  in 

i895. 

As  research  assistant  to  Professor  W.  O.  Atwater,  he  began  an  as- 
sociation with  the  chemistry  department  of  Wesleyan  University, 
Middletown,  Connecticut,  in  the  autumn  of  1895.  Here  Dr.  Benedict 
advanced  from  instructor  to  professor  (1905-1907).  From  1895  to 
1907  he  also  held  an  appointment  as  physiological  chemist  in  the 
U.  S.  Department  of  Agriculture,  and  from  1896  to  1900  as  chemist 
at  Storrs  Experiment  Station.  In  these  several  posts  at  Middletown 
his  research  was  closely  associated  with  that  of  the  distinguished 
physiological  chemist,  Dr.  Atwater,  and  the  transformation  of 
chemist  to  physiologist  got  well  under  way.  In  these  early  years  Dr. 
Benedict  made  what  he  regarded  in  1924  as  his  first  important  contri- 
bution to  science.  In  his  own  words: 
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"The  development  of  the  closed  circuit  respiration  apparatus  and 
calorimeter  at  Wesleyan  University  is,  in  my  judgment,  the  most  im- 
portant mechanical  contribution  I  have  been  privileged  to  make. 
This  was  developed  from  the  ground  up,  based  upon  the  idea  that  if 
the  actual  amount  of  oxygen  absorbed  by  the  human  body  in  life 
processes  could  be  directly  measured  such  a  measure  would  have 
great  significance  in  the  comparison  with  the  simultaneous  heat 
production." 

Similarly  one  could  note  that,  also  in  1924,  he  regarded  his  study 
of  the  chemical  composition  of  the  atmosphere,  particularly  its 
oxygen  content  (1912),  as  the  most  important  chemical  study  he  had 
ever  made. 

Early  in  the  Wesleyan  period,  in  1897,  Frank  was  married  to 
Cornelia  Golay,  of  Brewer,  Maine.  Their  maternal  grandfathers  were 
brothers,  and  both  were  physicians.  Mrs.  Benedict  was  a  Vassar 
graduate  trained  in  zoology  and  biology.  Somewhat  later,  at  the 
Nutrition  Laboratory  where  physiological  studies  predominated,  she 
shared  fully  in  the  conduct  and  publication  of  several  valuable  stud- 
ies. That  the  Middletown  researches  with  the  calorimeter  were  of 
much  significance  in  medicine  was  early  recognized  by  at  least  three 
medical  leaders  of  the  day — Doctors  Welch,  Billings,  and  Keen. 
Largely  through  their  initiative  the  Trustees  of  Carnegie  Institution 
of  Washington  were  led  to  establish  the  Nutrition  Laboratory  in 
Boston,  and  Dr.  Benedict  was  appointed  as  its  director  (1907-1937). 
Built  alongside  Harvard's  Medical  School,  this  soon  became  famous 
as  one  of  the  leading  research  laboratories  of  America. 

While  the  new  laboratory  was  under  construction,  early  in  1907, 
the  Benedict  family  made  the  first  of  its  many  trips  to  Europe.  Estab- 
lishing his  wife  and  his  daughter,  Elizabeth,  in  Geneva,  Frank  began 
an  acquaintance  with  most  of  the  leading  physiologists  of  Europe, 
and  brought  back  to  his  unfinished  laboratory  a  fresh  view  of  results, 
methods,  equipment,  and  persons  currently  connected  with  the 
evolving  problems  and  purposes  of  that  new  laboratory.  All  this  he 
regarded  so  highly  that  he  planned  thereafter  to  repeat  these  visits 
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at  approximately  three-year  intervals.  With  the  exception  of  the  years 
of  the  First  World  War,  this  was  done.  On  these  trips  abroad  he 
lectured  most  liberally,  often  in  German  or  French,  Though  he  was 
relatively  inactive  in  the  strictly  professional  societies  of  his  own 
country,  the  work  of  few  American  physiologists  was  so  quickly  and 
widely  known  in  Europe  as  that  of  Benedict. 

At  the  Nutrition  Laboratory  his  research  activities  were  divided, 
necessarily,  between  the  devising  and  adequate  testing  of  new  or 
simplified  appliances  and  the  actual  use  of  these  instruments  in 
studies  on  those  vital  activities  which  were  his  main  objective  and 
interest.  Though  little  more  than  a  casual  reference  to  these  numer- 
ous appliances  and  instruments  can  be  made  in  these  pages  it  should 
be  observed  that  they  constitute  a  major  contribution  to  physiology. 
He  built  two  "small"  calorimeters  of  the  Atwood-Rosa  type  and  de- 
vised several  much  smaller  and  relatively  inexpensive  instruments 
for  measuring  the  oxygen  consumption  as  a  means  of  estimating 
the  energy  production.  One  such  device  is  the  small  "Benedict  ap- 
paratus" since  used  widely  in  hospitals  and  doctors'  offices  for  meas- 
uring the  metabolism  of  patients  (1916-1918).  Other  devices  were 
adapted  to  measuring  the  heat  production  of  man  and  of  animals 
varying  greatly  in  size — from  the  8-gram  dwarf  mouse,  the  rat,  and 
the  pigeon  to  the  python,  the  steer  and  the  4,oookilogram  elephant. 

One  of  the  writers  of  this  memoir  was  a  follower  of  Benedict  in 
the  field  of  calorimetry  and  metabolism. 

In  the  Russell  Sage  Institute  of  Pathology,  Bellevue  Hospital,  New 
York,  we  built  a  human  calorimeter  for  the  study  of  disease — follow- 
ing closely  the  design  and  experimental  method  used  by  Benedict 
in  his  csmalP  calorimeter.  We  there  found  that  the  Benedict  ap- 
paratus and  methods  of  calculation  were  extraordinarily  accurate. 
When  I  later  used  his  smaller,  simpler  universal  or  unit  apparatus 
and  the  Benedict-Collins  small  spirometer  these  also  were  found  to 
be  accurate  and  very  useful.  In  the  course  of  this  work  I  had  to  study 
all  of  Benedict's  publications  in  great  detail,  and  I  do  not  remember 
finding  a  single  miscalculation,  or  a  statement  that  was  not  sup- 
ported by  evidence.  (E.  F.  D.  B.) 
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Dr.  Benedict  repeatedly  said  that  the  unifying  aim  and  objective 
of  most  of  his  studies  was  to  uncover  the  laws  governing  those  vital 
activities  most  closely  related  to  heat  production  and  heat  loss  in  the 
human  and  animal  organism.  Pursuit  of  this  aim  committed  him  to 
several  types  of  precise  measurement:  direct  measurements  of  the 
heat  given  off  by  the  body;  quantity  of  carbon-dioxide  produced; 
more  especially,  the  quantity  of  oxygen  consumed;  loss  in  weight  of 
the  body  from  hour  to  hour;  losses  from  each  of  the  several  paths  of 
heat  loss;  the  temperature  of  the  skin  and  body  trunk;  and  several 
of  the  metabolic  accompaniments  of  muscular  work,  such  as  walk- 
ing, riding  a  bicycle,  and  stair  climbing.  One  particular  and  quite 
comprehensive  program  of  study  emerged  during  his  first  decade 
at  the  Nutrition  Laboratory  and  this  was  destined  to  become  his  fore- 
most interest  during  the  last  half  of  his  studies  there.  This  involved 
a  wide  survey  of  the  comparative  metabolism  of  animals.  His  initial 
concentration  on  the  human  being  was,  in  a  sense,  a  preparation  and 
part  of  this  broader  study.  He  came  to  regard  both  small  and  large 
warm-blooded  species  as  the  more  essential  part  of  this  program.  Of 
the  cold-blooded  animals,  only  representatives  of  large  species — large 
snakes  and  giant  tortoises — were  included,  since  Krogh  and  others 
had  undertaken  adequate  studies  of  the  smaller  species. 

With  these  aims,  and  through  use  of  his  several  types  of  calorim- 
eters during  a  span  of  forty  years,  Benedict  and  his  many  col- 
laborators added  much  to  our  understanding  of  heat  production  and 
heat  regulation  in  humans  and  animals,  in  infancy  and  old  age,  in 
races,  sexes,  hybrids,  and  several  other  related  subjects.  More  espe- 
cially, he  examined  with  much  skill  and  success  the  conditions 
requisite  for  a  measurement  and  calculation  of  the  so-called  "basal" 
metabolism  in  man  and  a  score  of  species  of  other  mammals,  birds 
and  reptiles,  and  he  greatly  extended  our  knowledge  of  the  compara- 
tive metabolism  of  vertebrate  animals. 

Harris  and  Benedict  (1919)  provided  standards  based  on  age,  sex, 
height,  and  weight  which  are  still  most  useful  for  comparing  the 
metabolism  of  a  patient  with  that  of  the  normal  person.  With 
Osborne  he  determined  the  heat  of  combustion  of  several  vegetable 
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proteins.  An  intensive  study  of  the  respiratory  metabolism  in  diabetes 
by  Benedict  and  Joslin  is  one  of  the  most  important  ever  made  of 
that  disease.  With  Carpenter  he  provided  sound  information  on  a 
variety  of  topics  that  included  the  respiratory  exchange,  metabolism 
during  rest  and  during  fever,  and  the  stimulating  effect  of  nutrients. 
With  one  or  another  collaborator  he  made  several  studies  on  the 
physiological  effects  of  alcohol  With  R.  C.  Lee  he  studied  lipogenesis 
in  the  goose,  and  hibernation  in  the  woodchuck.  Other  collaborators 
were  numerous,  some  of  them  working  elsewhere  than  in  Boston 
(Ritzman,  MacLeod,  DuBois,  Fox,  Riddle,  Sherman,  Steggerda, 
Wilson).  Results  from  this  large  group  of  studies — even  a  list  of  the 
problems  more  or  less  successfully  attacked— must  remain  unnoted 
here.  The  variety  and  scope  of  those  numerous  studies  is  indicated 
in  the  appended  Bibliography.  Many  of  those  results  were  brought 
together,  and  subjected  to  scholarly  analysis,  in  the  last  (1938)  of 
Dr.  Benedict's  monographic  publications,  Vital  Energetics:  A  Study 
of  Comparative  Basal  Metabolism.  This  book  is  the  outstanding 
classic  in  his  field  of  study;  it  is  one  of  the  classics  of  physiology. 

Of  course,  it  cannot  be  assumed  that  all  of  Benedict's  published 
views  on  basic  questions  of  respiratory  metabolism  remained  un- 
changed during  his  long  career,  nor  that  some  of  those  views  re- 
mained unchallenged  by  colleagues  in  this  field  of  study.  In  earlier 
years  Benedict  considered  "basal"  values  as  more  firmly  fixed  than 
was  consonant  with  his  later  findings  in  several  species  of  animals. 
In  contrast  to  the  constancy  observed  in  humans  (except  in  emo- 
tional disturbances,  1935)  he  concluded  (with  Ritzman,  1935)  that, 
"In  view  of  the  lability  of  the  basal  metabolism  of  dairy  cows,  the 
concept  of  constancy  in  basal  metabolism  of  animals  must  be  re- 
vised." Less  marked  lability  he  had  earlier  observed  (with  Riddle, 
1930-34)  in  doves  and  pigeons,  and  he  was  later  to  find  (with  Lee, 
1937-38)  surprising  fluctuations  in  the  goose  and  in  the  non-hibernat- 
ing phase  of  the  woodchuck. 

As  a  part  of  comment  on  this  topic  perhaps  a  reference  to  a  per- 
sonal experience  of  each  of  the  two  writers  of  this  memoir  is  not 
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inappropriate.  One  of  us  collaborated  with  Benedict  during  a  period 
of  almost  ten  years. 

At  the  beginning  of  this  work,  done  with  doves  and  pigeons  in 
my  laboratory,  I  found  him  quite  reluctant  to  grant  the  possibility 
that  the  hormones  (other  than  that  of  the  thyroid)  may  be  a  signifi- 
cant factor  or  factors  in  the  heat  production  of  animals — more  espe- 
cially, the  possibility  that  they  are  responsible  for  temporary  and 
cyclical  increases  in  heat  production.  Later  results — obtained  both  in 
our  collaboration  and  in  the  work  of  others — apparently  made  that 
view  acceptable  to  him,  but  he  developed  no  program  for  a  personal 
study  of  that  area.  Actually  his  later  interests  centered  more  and  more 
in  the  comparative  basal  metabolism  of  adults  of  various  species 
(1938) — not  that  of  the  individual,  the  sex,  or  even  the  race.  Inter- 
estingly enough,  this  restriction  of  main  interest  seems  in  the  end 
to  have  resulted  in  an  extension  of  his  concept  of  lability  and  of 
multiple  causation  within  both  areas — that  of  heat  production  in 
different  species,  and  at  different  periods  in  the  adult  individual.  In 
his  final  monograph  (1938),  dealing  with  species  difference  in  adult 
animals,  he  lucidly  documented  his  confidence  in  a  fairly  wide 
divergence  and  inequality  of  the  basal  heat  production  of  the  various 
warm-blooded  species,  in  the  lability  (occasional)  of  basal  heat  pro- 
duction, and  in  the  views  that  heat  production  is  far  more  meaning- 
ful than  heat  loss,  and  that  heat  production  varies  in  response  to  a 
wide  and  still  inadequately  explored  range  of  conditions  and  tissue 
stimuli.  (O.R.) 

The  other  author  of  this  memoir  was  brought  up  in  a  school  of 
nutrition  that  considered  the  surface  area  an  important  factor  in  basal 
metabolism,  though  the  school  never  stated  very  clearly  whether  or 
not  it  considered  surface  area  a  causal  factor. 

Benedict,  on  the  other  hand,  maintained  that  if  the  surface  area 
were  useful  in  estimating  the  normal  metabolism  that  this  was  in 
more  or  less  accurate  relationship — but  not  causal.  As  a  result  of  this 
difference  in  theory  he  and  I  had  a  long  controversy  in  the  literature. 


74  BIOGRAPHICAL    MEMOIRS 

Fortunately,  it  was  always  a  friendly  controversy.  Indeed  the  hotter 
the  arguments  the  stronger  our  friendship  became,  and  we  both  en- 
joyed the  dispute  which  stimulated  some  of  our  best  work.  Eventu- 
ally Benedict  and  I  came  to  almost  the  same  viewpoint  in  a  position 
almost  halfway  between  the  two  extremes.  The  question  is  still  the 
subject  of  dispute,  and  may  long  remain  unsettled.  (E.F.D.B.) 

Early  critical  comment  maintained  that  Benedict's  lack  of  initial 
biological  training  led  the  Nutrition  Laboratory  to  a  too  restricted 
program  of  studies  and  to  occasional  errors  of  procedure.  In  regard 
to  the  latter  he  was  indeed  frustrated  in  his  study  of  the  periodic 
(monthly)  variation  of  the  metabolism  of  women  through  failure 
to  recognize  that  ovulation,  not  menstruation,  was  the  critical  time 
and  point  in  such  a  study.  His  avoidance  of  the  field  of  vitamin  re- 
search— a  large  area  of  nutrition  whose  emergence  practically  coin- 
cided with  the  founding  of  his  laboratory — disappointed  many  dur- 
ing one  or  two  decades.  In  retrospect  it  can  be  seen  that  the  unfold- 
ing of  both  the  vitamin  story  and  that  of  the  gaseous  metabolism 
warranted  the  establishment  of  separate  laboratories  or  institutes. 
Perhaps  the  same  observation  applies  to  the  circumstance  that  the 
Nutrition  Laboratory  remained  aloof  from  the  quite  coincident  and 
highly  significant  development  of  knowledge  of  cellular  respiration 
and  the  enzymes  involved  in  that  process. 

Benedict's  disagreements  with  Rubner,  as  recorded  in  the  litera- 
ture, relate  especially  to  the  use  and  significance  of  surface  area  in 
calculations  of  heat  production  and  to  the  role  of  temperature  in 
metabolism  measurements  made  for  comparative  purposes.  In  his 
private  notes  for  the  year  1913  he  wrote:  "It  is  always  a  matter  of 
great  regret  to  me  that  Prof.  Rubner  is  so  disinclined  to  discuss  sci- 
entific matters.  I  have  never  been  able  to  draw  him  out  to  any  length 
in  scientific  discussion  either  in  his  visit  to  America  or  later  in  my 
visit  to  Berlin."  Mentionable  too  is  Benedict's  unreported  attempt, 
some  twenty  years  later,  to  lessen  this  area  of  controversy  through 
friendly  and  prolonged  personal  correspondence.  This  effort,  how- 
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ever,  was  a  deep  disappointment  to  Benedict.  When  he  later  wrote 
(1938)  his  summarizing  monograph,  Vital  Energetics,  these  dis- 
agreements were  candidly  but  most  courteously  reexamined. 

Though  only  the  studies  of  a  later  day  can  properly  assess  some  of 
Benedict's  theoretical  views,  it  is  perhaps  significant  that  those  most 
familiar  with  his  total  contribution  are  commonly  the  ones  most  im- 
pressed by  the  magnitude  and  coherence  of  that  contribution.  Added 
to  indispensable  and  often  expensive  instrumentation,  made  quickly 
available  to  colleagues,  was  a  steady  flow  of  the  results  of  keen  ob- 
servation and  accurate  measurement.  During  forty  years  he  was  a 
careful  planner  of  experiment  and  a  meticulous  guardian  of  method. 
Continuously,  he  was  a  source  of  science-building  fact.  Ultimately, 
a  foremost  designer  of  the  outlines  of  whatever  respiratory  metab- 
olism now  seems  likely  to  contribute  to  the  comparative  physiology 
of  man  and  other  air-breathing  vertebrate  animals. 

The  list  of  Dr.  Benedict's  publications  includes  nearly  300  titles. 
Thirty-three  of  these  exceed  100  pages,  and  eight  of  them  contain 
from  301  to  712  pages.  This  list  does  not  include  his  30  Annual  Re- 
ports as  director  of  the  Nutrition  Laboratory  to  the  Trustees  of 
Carnegie  Institution  on  the  accomplishments  of  the  year  in  his 
laboratory.  Though  his  collaborators  did  much  of  this  writing,  he 
was  a  prodigious  writer,  commonly  using  the  rather  unusual  method 
of  dictating  to  a  secretary  or  dictaphone.  This  sometimes  resulted 
in  books  or  papers  that  were  too  long,  but  it  was  his  way  of  making 
the  results  of  his  studies  available  to  others.  Thirty-five  contributions 
were  published  in  foreign  journals  in  French  or  German. 

Here  one  may  reflect  momentarily  on  one  circumstance  that  was 
peculiarly — probably  vitally — favorable  to  Benedict's  highly  produc- 
tive career.  This  sustaining  circumstance  was  his  early  and  influential 
association  with  the  Carnegie  Institution  of  Washington.  During  the 
decades  in  which  his  work  was  planned  and  done,  most  of  his  col- 
leagues in  physiology  could  find  only  meager  financial  support  for 
either  their  research  or  their  more  expensive  publications.  Though 
the  apparatus  he  developed  was  exceptionally  expensive,  though  the 
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use  of  this  equipment  in  actual  research  often  required  uncommonly 
costly  assistance  and  materials,  and  though  the  cost  of  publication  of 
a  stream  of  monographs  was  beyond  the  resources  of  nearly  all 
American  universities,  these  restraining  barriers  were  avoided  or 
minimized  for  him.  The  resources  and  foresight  of  Mr.  Andrew 
Carnegie,  sustained  by  the  vigilant  interest  of  officers  of  the  institu- 
tion he  founded,  continuously  smoothed  the  way  for  the  personal 
bent  and  talents  of  this  investigator. 

Frank  Benedict  was  elected  a  member  of  the  National  Academy 
of  Sciences  in  1914,  of  the  American  Philosophical  Society  (1910), 
of  the  American  Academy  of  Arts  and  Sciences,  and  of  the  Society 
of  American  Magicians  (1930)  ;  of  the  Boston  Branch  of  this  society, 
in  the  twenties.  He  received  the  medal  of  the  National  Institute  of 
Social  Sciences  in  1917,  "in  recognition  of  his  valuable  contributions 
to  human  energetics  and  the  alcohol  problem";  and  the  gold  honor 
medal  of  the  University  of  Hamburg  in  1929,  "in  recognition  of 
his  successful  work  in  metabolism  and  physiology."  He  was  an  hon- 
orary member  of  scientific  or  medical  societies  centering  in  Paris, 
Brussels,  Halle,  Budapest,  and  Vienna.  Honorary  Sc.D.  degrees  were 
conferred  by  Wesleyan  University  (1910)  and  the  University  of 
Maine  (1924).  He  was  given  an  honorary  M.D.  by  the  University  of 
Wiirzburg  in  1932. 

Benedict  held  quite  inflexible  views  on  some  social  questions.  He 
was  an  enemy  of  alcohol,  but  an  honest  enemy.  His  published  re- 
searches on  this  substance  are  unbiased  accounts  of  its  physiological 
effects.  In  the  days  when  Maine  was  a  prohibition  state,  he  once  as- 
sumed chief  responsibility  for  stopping  the  illegal  sale  of  liquor  in 
Machiasport  by  apprehending  the  seller.  The  family  of  the  latter 
were  friends  of  the  Benedicts,  but  Frank  considered  this  neighbor 
a  menace  to  the  town.  He  was  highly  suspicious  of  the  power  of  labor 
unions  and  strongly  resented  it  when,  on  one  occasion,  the  union 
tried  to  get  him  to  discharge  some  of  the  nonunion  workers  in  his 
laboratory.  Again,  during  the  construction  of  his  laboratory  he  was 
bothered  by  some  plumbing  inspectors.  To  settle  this  matter,  he  him- 
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self  took  the  examinations  and  became  a  licensed  plumber.  There- 
after he  proudly  showed  this  license  not  only  to  inspectors,  but  to 
visitors  as  well 

Frank  Benedict  was  a  large  man,  always  dignified  and  impressive. 
He  was  full  of  energy,  always  interesting  in  his  conversation,  con- 
siderate of  others,  good  natured,  kindly,  self-confident.  He  was  also 
impatient  with  excuses,  and  could  be  sharply  critical  of  an  inadequate 
performance  or  of  an  individual  not  accommodated  by  his  standards. 
He  was  scrupulously  careful  in  financial  matters.  He  had  a  lively 
sense  of  humor,  and  was  unusually  good  as  a  lecturer — well  under- 
standing the  art  of  showmanship;  his  talks  were  always  well  planned 
and  clear,  appropriately  illustrated  with  lantern  slides  and  a  few 
anecdotes.  He  had  a  strong  aversion  to  profanity  and  shady  stories. 
Inwardly,  he  was  religious.  Magic  and  the  piano,  "played  for  my 
own  amazement,"  were  his  chief  hobbies.  His  color-blindness  failed 
to  destroy  his  pleasure  in  circuses  and  museums.  Beyond  these  hob- 
bies was  his  lifelong  interest  in  international  amity.  This  he  pursued 
through  a  voluminous  correspondence  with  his  many  friends  in 
Europe  and  Japan —  in  addition  to  the  visits,  lectures,  and  use  of 
European  publication  facilities  already  noted.  A  hard  worker  in  the 
laboratory,  his  happiest  hours  seem  to  have  been  those  spent  in  his 
summer  home  at  Machiasport  with  its  beautiful  view  of  the  coast  of 
Maine. 

On  his  retirement  as  director  of  the  Nutrition  Laboratory,  Novem- 
ber, 1937,  he  widely  advised  his  colleagues  that  this  also  marked  the 
termination  of  his  scientific  efforts  and  interests.  During  the  earlier 
years  that  followed  he  sometimes  left  his  Machiasport  home  for 
lecture  tours — using  "Magic  and  Science"  and"  "The  Physiology  of 
the  Elephant"  as  subjects.  He  suffered  an  almost  fatal  accident  in 
April,  1940,  when  struck  by  a  taxicab  in  downtown  Boston.  After  a 
long  convalescence,  he  again  lectured  occasionally,  but  usually  found 
it  better  to  spend  the  winter  months  in  California,  New  York  City, 
or  Florida.  Though  unable  to  travel  to  California  (or  elsewhere) 
during  his  last  years  his  former  visits  there  had  permitted  him  to 


78  BIOGRAPHICAL   MEMOIRS 

be  close  to  most  of  those  who  survived  him— his  widow,  Cornelia 
Golay  Benedict;  his  daughter,  Elizabeth  Harriet  (now  Mrs.  Henri 
Hanggi) ;  and  his  grandchildren,  Dr.  Cecil  E.  Leith  and  Cornelia 
Sarah  Garbesa.  He  died  in  Machiasport  on  May  14,  1957. 

Frank  Benedict  had  the  good  fortune  to  use  a  talent  and  a  durably 
strong  hand  in  creating  both  basic  and  applied  physiology  in 
America,  and  to  pass  along  that  creation  and  related  American  learn- 
ing quickly  and  persuasively  to  Europe.  He  was  a  citizen  and  untir- 
ing worker  much  honored  at  home  and  abroad. 
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CHARLES  WHITMAN  CROSS 

September  i,  1854 — April  20,  1949 

BY  ESPER  S.  LARSEN,   JR. 


CHARLES  WHITMAN  CROSS  will  be  remembered  for  his  detailed,  pains- 
taking geologic  field  work  in  Colorado,  and  for  his  contribu- 
tion to  the  classification  of  igneous  rocks  in  the  quantative  classifica- 
tion of  igneous  rocks  by  C.I.P.W.  He  was  born  at  Amherst, 
Massachusetts,  on  September  i,  1854,  the  son  of  the  Reverend  Moses 
Kimball  Cross  and  Maria  (Mason)  Cross.  From  Amherst  College 
he  received  the  B.  S.  degree  in  1875. 

It  was  the  common  practice  in  America  seventy  years  ago  for 
young  men  preparing  to  be  scientists  to  attend  a  German — or  at  least 
a  European — university.  Accordingly,  Cross  attended  Gottingen  in 
1877,  and  received  his  Ph.  D.  in  Leipzig  under  Zirkel  in  1880.  He 
returned  to  the  United  States,  joined  the  U.  S.  Geological  Survey  as 
"geologic  and  microscopical  assistant"  and  for  some  years  was  sta- 
tioned in  the  Denver  office  under  Dr.  S.  F.  Emmons. 

In  his  early  years  in  Colorado,  Cross  wrote  chiefly  papers  on  miner- 
alogy with  Hillebrand  and  Eakins.  Later  he  presented  papers  on  geo- 
logic subjects  including  the  Pikes  Peak  folio,  the  Anthracite  and 
Crested  Butte  folio,  the  geology  of  the  Rosita  Hills,  the  geology  of  the 
Denver  Basin,  general  geology  of  the  Cripple  Creek  District,  and 
many  other  papers. 

About  1895  he  became  interested  in  the  San  Juan  Mountains  of 
southwestern  Colorado.  He  first  studied  the  mining  districts  of 
Telluride,  La  Plata,  Rico,  Ouray,  Silverton,  Lake  City,  and  Needle 
Mountains.  He  continued  his  work  in  southwestern  Colorado  for 
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many  years,  and  he  and  his  assistants  mapped  in  some  detail  an  area 
about  a  hundred  miles  square.  The  study  included  the  mapping  and 
description  of  a  great  complex  of  pre-Cambrian  rocks.  Paleozoic, 
Mesozoic,  and  Tertiary  sedimentary  rocks,  and  a  complex  of  Tertiary 
volcanic  rocks.  In  this  study  he  made  great  contributions  to  many 
geologic  problems,  including  the  stratigraphy  and  structure  of  the 
area  and  most  especially  to  the  complex  volcanic  history.  Cross  began 
his  work  in  the  western  part  of  the  area  in  which  he  prepared  seven 
folios  of  the  U.  S.  Geological  Survey.  Other  papers  have  been  pub- 
lished, and  a  monograph  concerning  the  whole  area  has  recently 
appeared. 

Cross  no  doubt  selected  the  San  Juan  Mountains  because  of  their 
grandeur  and  beauty,  with  fourteen  peaks  over  14,000  feet  in  eleva- 
tion in  the  central  mountains  mass,  and  some  of  the  bordering  valleys 
reaching  below  6,000  feet.  The  region  furnishes  water  to  the  three 
great  river  systems  of  the  Southwest,  the  Mississippi,  the  Colorado, 
and  the  Rio  Grande.  Clear  swift  streams  are  present  in  all  the  valleys, 
and  waterfalls  are  numerous.  Sage  brush  and  other  desert  brush  oc- 
cupy the  lower  slopes  to  about  8,000  feet  in  elevation.  Scattered  pine 
is  in  the  upper  part  of  the  sage  brush,  and  spruce,  aspen,  and  some 
fir  are  above  that  to  timber  line,  which  is  about  11,500  to  12,000  feet. 
At  timber  line  the  spruce  is  dwarfed  and  gnarled;  above  timber  line 
are  willows. 

Wild  flowers  are  present  in  great  variety,  with  the  alpine  types  at 
high  altitudes  and  more  familiar  types  on  the  lower  slopes.  Above 
timber  line  the  alpine  flora  forms  a  delicate  carpet  of  great  beauty. 
On  the  lower  slopes,  in  any  place  where  the  timber  is  not  too  dense, 
the  profusion  of  flowers  gives  the  fields  and  hills  solid  masses  of 
color.  The  dainty  blue  Colorado  columbine  (Aquilegia  Caerolea), 
state  flower  of  Colorado,  is  the  most  attractive,  though  not  the  most 
common.  The  great  fields  of  larkspur  are  common  on  the  north- 
western slopes  below  the  timber.  Paintbrush,  monkshood,  lupine, 
and  many  other  flowers  grow  in  the  greatest  profusion. 

While  Cro$$  was  working  in  the  mountains  there  were  few  roads, 
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The  field  work  by  Cross  was  done  with  horses  or  on  foot,  and  camp 
was  moved  by  pack  train,  on  muleback.  The  country  was  wild  and 
difficult  to  traverse,  but  Cross  believed  in  living  comfortably  and  his 
camp  unit  was  one  of  the  best  in  the  west.  He  had  had  much  experi- 
ence with  such  camps  and  he  knew  that  he  must  have  superior  camp 
men  and  a  comfortable,  adequate  outfit.  He  selected  camp  sites  with 
care  and  usually  had  a  beautiful  view  and  pleasant  surroundings.  In 
the  mountains  there  are  thunderstorms  nearly  every  day  during  July 
and  August.  Toward  the  end  of  August  there  might  be  a  snowstorm 
and  from  then  on  no  thunderstorms,  but  delightful  cold  weather. 

Cross  was  active  in  organizing  the  National  Research  Council.  He 
was  a  member  of  the  Council  from  1918  to  1922,  treasurer  during 
1918  and  1919,  and  vice-chairman  of  the  Division  of  Geology  and 
Geography  in  1918.  He  was  elected  to  the  National  Academy  of  Sci- 
ences in  1908  and  was  treasurer  from  1911  to  1919.  He  was  a  member 
of  the  Geological  Society  of  America  and  President  of  the  Society  in 
1918.  He  was  an  honorary  member  of  the  Colorado  Scientific  Society, 
the  Geological  Society  of  Washington  (President  in  1899),  the 
American  Philosophical  Society,  and  the  Washington  Academy  of 
Sciences.  He  was  a  corresponding  member  of  the  Academy  of 
Natural  Science  of  Philadelphia  and  a  member  of  the  London  Geo- 
logical Society.  He  was  Associate  in  Petrology,  Smithsonian  Institu- 
tion, from  1920. 

He  was  active  in  organizing  the  Petrologists  Club  and  for  many 
years  in  its  early  days  it  met  in  his  study. 

Cross  was  a  petrologist  and  one  of  the  leading  field  geologists  of 
his  generation.  Most  petrologists  of  his  time  were  interested  chiefly 
in  the  description  and  classification  of  rocks  and  groups  of  rocks, 
and  their  field  work  consisted  chiefly  of  collecting  specimens  for 
study  in  the  laboratory  and  noting  local  relations  of  the  rock  bodies. 
Cross  carried  on  detailed  geological  mapping  of  igneous  and  meta- 
morphic  rocks  and  of  the  associated  sedimentary  rocks.  His  field  was 
geological,  and  he  studied  bodies  of  igneous  rocks  as  geological  units 
formed  by  a  geological  process  that  was  limited  both  in  space  and  in 
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time  and  that  was  somewhat  variable.  He  was  one  o£  the  first  petrol- 
ogists  to  treat  successfully  the  components  of  great  complex  piles  of 
volcanic  rocks  as  a  group  of  irregular  units  that  could  be  more  or 
less  successfully  mapped  in  much  the  same  way  as  sedimentary  rocks. 
The  correlation  is  on  the  basis  of  age. 

Cross  believed  strongly  that  scientific  work,  to  be  efficient,  must  be 
adequately  supported.  He  wanted  plenty  of  thin  sections,  chemical 
analysis,  and  a  comfortable  field  outfit.  He  was  not  extravagant  or 
wasteful,  but  knew  that  some  misguided  attempts  at  economy  greatly 
reduced  efficiency.  He  was  always  a  strong  advocate  of  the  need  to 
support  pure  science. 

The  field  parties  of  Cross  were  training  schools  for  young  geolo- 
gists, and  it  was  a  privilege  to  be  a  member  of  his  party.  He,  a  great 
field  geologist,  was  friendly,  sympathetic,  generous,  and  patient  with 
young  men,  and  he  was  ready  to  listen  patiently  to  their  ideas  and  to 
keep  them  straight  in  their  thinking.  He  had  much  influence  on  the 
younger  men,  and  was  a  great  and  inspiring  teacher.  Many  promi- 
nent geologists  were  his  associates,  including  A.  C.  Spencer,  Ernest 
Howe,  J.  D.  Irving,  R.  D.  George,  G.  W.  Stone,  Albert  Johannsen, 
L.  F.  Noble,  E.  S.  Larsen,  Jr.,  J.  C.  Hunter,  and  C.  S.  Ross.  The  young 
men  on  the  Survey  looked  up  to  Cross  as  a  model  scientist. 

Cross  published  on  the  interesting  potash-rich  rocks  of  the  Leucite 
Hills,  Wyoming.  He  also  visited  the  Hawaiian  rocks.  He  published 
other  papers  on  areas  not  near  Colorado,  but  his  main  publications 
were  on  the  Colorado  area.  He  was  chief  of  the  Section  of  Petrology 
on  the  U.  S.  Geological  Survey  from  1903  to  1907,  and  secretary  of 
the  Survey's  committee  on  petrographic  names.  This  and  his  own 
work  on  rocks  made  the  classification  of  igneous  rocks  a  matter  of 
major  interest  to  him.  Dr.  Cross,  Joseph  P.  Iddings,  Louis  V.  Pers- 
son,  and  Henry  S.  Washington  collaborated  on  devising  a  system  of 
rock  classification  and  in  1902  in  the  Journal  of  Geology,  they  pro- 
posed "a  quantative  chemico-mineralogical  classification  and  nomen- 
clature of  igneous  rocks,"  followed  a  year  later  by  a  268-page  volume 
on  the  subject.  Commonly  known  as  the  C.I.P.W.  system,  it  intro- 
duced an  entirely  new  method  of  rock  classification  which  was 
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widely  adopted,  and  profoundly  influenced  geologic  thought  of  the 
world.  They  calculated  from  the  chemical  analysis  of  a  rock  a 
"norm"  which  was  made  of  simple  theoretical  minerals  such  as 
quartz,  orthoclase,  albite,  anorthite,  leucite,  melilite,  hypersthen, 
diopside,  olivine,  etc.,  and  presented  a  mode  which  represented  the 
actual  minerals  of  which  the  rock  was  made.  The  latter  are  mostly 
solid  solutions  or  mixed  crystals,  and  may  differ  in  a  large  way  from 
the  normative  minerals.  A  comparison  of  the  mode  and  the  norm 
of  a  rock  is  very  useful  and  leads  to  a  clearer  understanding  of  the 
chemical  history  of  the  rock.  The  normative  scheme  is  still  widely 
used  today. 

Cross  was  a  member  of  the  group  of  geologists  who  urged  upon 
the  new  Carnegie  Institution  of  Washington  the  establishment  of  a 
laboratory  for  the  study  of  the  behavior  of  rocks  and  minerals  at 
high  temperatures  and  pressures.  From  these  proposals  came  the 
Geophysical  Laboratory  of  that  Institution. 

After  his  retirement  in  1925,  Dr.  Cross  devoted  his  time  chiefly  to 
the  cultivation  of  roses,  and  he  devoted  the  same  rigorous,  scientific 
methods  to  this  study  that  he  had  earlier  devoted  to  the  science  of 
geology.  By  using  systematic  methods,  he  made  his  garden  in  Chevy 
Chase,  Maryland,  a  showplace.  He  had  two  thousand  rose  bushes, 
and  he  developed  many  new  varieties.  The  outstanding  new  varieties 
he  named,  "Chevy  Chase,"  "Hon.  Lady  Lindsay,"  and  "Mrs.  Whit- 
man Cross." 

Cross's  chief  recreation  was  playing  golf.  He  became  an  expert  in 
investment  and  finance;  studied  investments  with  great  care,  and 
was  considered  one  of  the  most  careful  and  successful  investors  in  the 
Washington  community. 

At  the  time  of  his  death  in  1949,  Dr.  Cross  was  the  oldest  living 
member  of  the  National  Academy  of  Sciences  and  the  oldest  alum- 
nus of  Amherst  College,  from  which  he  had  received  the  honorary 
degree  of  Doctor  of  Science  in  1925. 

Dr.  Cross  was  survived  by  Mrs.  Cross,  (nee  Virginia  Stevens),  a 
son,  Richard  Stevens  Cross,  of  Philadelphia,  and  two  grandchildren, 
Charles  Whitman  Cross  and  Helen  Virginia  Cross. 
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KEY  TO  ABBREVIATIONS 

Am.  G.  — American  Geologist 

Am.  J.  Sc.  =  American  Journal  of  Science 

Am.  Nat.  =  American  Naturalist 

Colo.  Sci.  Soc.  Pr.  =  Colorado  Scientific  Society  Proceedings 

G.  Soc.  Am.  Bull.  =  Geological  Society  of  America  Bulletin 

G.  Soc.  London  =  Geological  Society  of  London 

G.  Soc.  Wash.  =  Geological  Society  of  Washington 

Int.  Geol.  Con.  =  International  Geological  Congress 

J.  G.  =  Journal  of  Geology 

Nat.  Acad.  Sci.  Proc.  =  National  Academy  of  Sciences  Proceedings 

Nat.  Acad.  Sci.  Bull.  =  National  Academy  of  Sciences  Bulletin 

Nat.  Acad.  Sci.  Mem. = National  Academy  of  Sciences,  Memoir 

Pan-Am.  Geol.  =  Pan-American  Geologist 

Phil.  Soc.  Wash.  B.  =  Philosophical  Society  of  Washington  Bulletin 

U.S.G.S.  An.  Rp.= United  States  Geological  Survey,  Annual  Report 

U.S.G.S.  Geological  Adas  =  United  States  Geological  Survey,  Geological  Atlas 

U.S.G.S.B.= United  States  Geological  Survey  Bulletin 

U.S.G.S.  Min.  Res.  =  United  States  Geological  Survey  Mineral  Resources 

U.S.G.S.M.= United  States  Geological  Survey  Monograph 

U.S.G.S.,  PP. = United  States  Geological  Survey,  Professional  Paper 

U.  S.  Nat.  Mus.  Proc. = United  States  National  Museum  Proceedings 

Wash.  Ac.  Sc.  J.= Washington  Academy  of  Science  Journal 

Wash.  Ac.  Sc.  Pr.= Proceedings  of  the  Washington  Academy  of  Science 
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BENJAMIN  MINGE  DUGGAR 

September  i,  1872 — September  zo,  1956 

BY   J.   C.  WALKER 


WHEN  BENJAMIN  MINGE  DUGGAR  passed  away  on  September  10, 
1956,  at  New  Haven,  Connecticut,  he  was  well  along  in  the 
seventh  decade  of  his  scientific  activity.  Few  scientists  have  con- 
tributed over  so  long  a  period  in  so  many  areas  of  biological  science. 

His  mother,  Margaret  Louisa  (Minge)  Duggar,  was  the  daughter 
of  a  plantation  owner  in  eastern  Virginia.  His  father,  Reuben  Henry 
Duggar,  was  a  native  of  central  Alabama  where  he  practiced  medi- 
cine, primarily  in  the  rural  areas.  He  served  a  term  of  duty  in  the 
Confederate  Army  during  the  Civil  War. 

Benjamin  Minge  Duggar,  the  fourth  of  six  sons,  was  born  on 
September  i,  1872,  at  Gallion,  Alabama.  His  secondary  education 
was  gained  in  the  local  school  and  under  private  tutors.  That  he  was 
a  precocious  youth  is  shown  by  the  fact  that  he  entered  the  Univer- 
sity of  Alabama  within  a  few  days  of  his  fifteenth  birthday.  After 
two  years  at  that  institution  he  transferred  to  the  Mississippi  Agri- 
cultural and  Mechanical  College  (now  Mississippi  State  College), 
near  Starkville,  Mississippi.  This  transfer  would  lead  one  to  surmise 
that  he  had  developed  an  early  interest  in  agricultural  science.  As  an 
undergraduate  he  assisted  in  the  introduction  of  forage  grasses  new 
to  the  region  and,  by  the  time  he  was  graduated  in  1891,  a  few 
months  before  his  nineteenth  birthday,  he  had  settled  on  the  major 
course  of  his  life  career.  He  received  the  Bachelor  of  Science  degree 
and  first  honors  in  his  class.  He  spent  the  next  year  at  Alabama  Poly- 
technic Institute  at  Auburn  as  Assistant  in  Mycology  and  Plant  Pa- 
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thology  to  Professor  George  F,  Atkinson,  who  was  several  years  older 
and  was  soon  to  move  to  Cornell  University  to  embark  on  an  out- 
standing career  in  cryptogamic  botany.  It  is  significant  that  Duggar 
was  to  follow  Atkinson  to  Cornell  several  years  later  to  complete 
his  Ph.  D.  thesis  under  his  direction. 

Duggar  received  the  degree  of  Master  of  Science  at  Auburn  in 
1892.  The  subject  of  his  Master's  thesis  was  the  germination  of  the 
teliospores  of  Ravenelia*  It  shows  remarkably  thorough,  painstaking, 
and  mature  workmanship,  unusual  in  a  man  only  twenty  years  of 
age.  During  the  next  year  Duggar  was  Assistant  Director  of  the 
Agricultural  Experiment  Station  at  Uniontown,  Alabama,  where  he 
was  in  direct  contact  with  the  agricultural  problems  of  the  region. 
In  the  autumn  of  1893  he  went  to  Harvard  University  to  work  under 
two  other  outstanding  cryptogamic  botanists,  Professors  W.  G.  Far- 
low  and  Roland  Thaxter.  Although  he  already  held  a  B.  S.  and  M.  S. 
degree,  he  aspired  to  a  Master  of  Arts  from  Harvard.  This  neces- 
sitated his  matriculation  in  Harvard  College  for  certain  basic  courses 
required  of  candidates  for  the  M.  A.  degree.  Having  completed  these, 
he  was  eligible  for  a  Bachelor  of  Arts  degree  which  was  granted  him 
in  1894.  While  at  Harvard,  he  served  as  an  assistant  in  botany  at 
Radcliffe  College.  He  completed  his  M.  A.  degree  in  1895. 

About  this  time  the  chinch  bug  was  rampant  on  wheat  in  Illinois 
and  contiguous  areas.  Dr.  S.  A.  Forbes,  an  outstanding  figure  in 
entomology,  was  director  of  the  Illinois  State  Laboratory  of  Natural 
History  on  the  University  of  Illinois  campus  at  Urbana.  The  question 
of  fungus  and  bacterial  parasites  as  means  of  control  of  the  bug  was 
beginning  to  receive  attention.  It  was  thus  natural  that  Forbes  should 
hire  a  promising  young  mycologist  from  Farlow's  laboratory  to  work 
on  this  subject  Duggar  was  the  man,  but  he  spent  only  about  one 
year  as  Assistant  Botanist  in  Forbes's  laboratory.  Presumably  he  felt 
the  need  of  completing  his  doctorate,  since  he  was  now  twenty-three 
years  of  age.  For  this  he  went  to  Cornell  and  back  to  Atkinson. 
There  he  also  became  an  associate  and  close  friend  of  Liberty  Hyde 
Bailey.  Duggar,  beginning  in  1896,  spent  the  next  four  years  at  Cor- 
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nell,  serving  as  Assistant  Cryptogamic  Botanist  and  Instructor  in 
Botany.  He  completed  his  Ph.  D.  with  Atkinson  in  1898.  His  doctor's 
thesis  was  in  the  field  of  cytology.  It  was  on  the  development  of  the 
pollen  grain  and  embryo  sac  in  Bignonia,  Symplocarpus,  and 
Peltandra.  He  also  spent  a  considerable  portion  of  his  time  in  the 
chemistry  department  with  Professors  Bancroft  and  Orndorff.  His 
first  research  in  the  field  of  physiology  was  concerned  with  germina- 
tion of  fungus  spores.  After  starting  this  investigation  at  Cornell  he 
took  the  problem  with  him  to  Europe  (1899-1900)  and  completed 
this  study  in  the  laboratory  of  Wilhelm  Pfeffer,  the  outstanding 
plant  physiologist  at  Leipzig.  He  also  worked  in  the  laboratory  of 
Georg  Klebs  at  Halle  and  conferred  with  Julius  Kiihn,  the  outstand- 
ing plant  pathologist  at  the  same  institution,  where  they  exchanged 
their  experiences  with  the  genus  Rhizoctonia,  which  Duggar  had 
begun  to  study  at  Cornell.  Returning  to  Cornell  in  the  fall  of  1900,  he 
became  Assistant  Professor  of  Plant  Physiology. 

In  1901  he  joined  the  staff  of  the  Bureau  of  Plant  Industry,  United 
States  Department  of  Agriculture,  as  Plant  Physiologist.  In  this 
capacity  be  began  studies  upon  cotton  diseases  in  the  South  and 
Southwest  and  upon  methods  of  mushroom  culture.  These  investi- 
gations were  continued  at  the  University  of  Missouri,  where  he  be- 
came Professor  of  Botany  and  Head  of  the  Department  in  1902,  and 
retained  a  connection  with  the  Bureau  of  Plant  Industry  as  Col- 
laborator. The  cotton  root  rot  disease  was  looming  up  as  an  important 
factor  in  the  cotton  crop  which  was  moving  steadily  westward  in 
Texas  and  beyond.  He  discovered  the  sporulating  stage  of  the 
pathogen,  on  the  basis  of  which  he  transferred  the  species  from 
Ozonium  to  Phymatotrichum.  He  began  experimental  work  with 
mushrooms,  which  ultimately  resulted  in  the  introduction  of  pure 
culture  methods  in  the  mushroom  growing  industry  in  this  country. 
In  1903  he  set  up  an  exhibit  on  the  culture  of  mushrooms  and  other 
fungi  at  the  World  Exposition  in  St.  Louis,  Missouri,  which  was 
awarded  a  grand  prize.  In  1905-1906  he  spent  fifteen  months  in 
Europe  working  with  Professor  Goebel  at  the  Botanical  Institute 
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in  Munich,  with  Professor  Strasburger  at  the  Botanical  Insti- 
tute in  Bonn,  and  with  Professor  Flahault  at  the  Botanical  Institute 
in  Monpelier.  During  his  stay  at  the  last  institute,  he  participated  in 
a  botanical  expedition  in  Algeria. 

While  at  Cornell,  he  had  given  some  attention  to  practical  aspects 
of  plant  pathology  and  had  begun  an  intensive  study  of  Rhizoctonia. 
His  interest  in  plant  pathology  continued  at  the  University  of  Mis- 
souri, where  he  began  and  practically  completed  the  manuscript  of 
the  first  American  textbook  in  plant  pathology,  Fungous  Diseases 
of  Plants >  published  in  1909.  It  remained  the  standard  American  text 
in  the  subject  for  many  years. 

In  1907  Duggar  was  called  to  the  Chair  in  Plant  Physiology  at 
Cornell  University.  He  remained  there  for  five  years,  during  which 
period  he  completed  his  well-known  text,  Plant  Physiology.  In  1912 
he  became  Research  Professor  of  Plant  Physiology  in  charge  of 
graduate  work  in  the  Henry  Shaw  School  of  Botany  at  Washington 
University  and  the  Missouri  Botanical  Garden  in  St.  Louis.  It  is  evi- 
dent from  a  perusal  of  his  writings  that  beginning  with  his  second 
stay  at  Cornell  he  became  more  and  more  interested  in  plant  physiol- 
ogy. This  was  dictated  no  doubt  to  some  extent  by  the  nature  of  his 
position,  but  probably  more  so  by  the  fact  that  he  was  one  of  those 
rare  individuals  who  could  not  and  would  not  narrow  his  interests 
and  outlook.  His  interest  in  grasses  had  begun  at  Starkville  and 
Uniontown ;  he  had  later  been  exposed  to  leading  minds  in  mycology 
at  Harvard  and  Cornell;  but  he  had  also  been  exposed  to  Pfeffer  and 
others  in  Europe.  At  the  turn  of  the  century  he  saw  in  plant  pathol- 
ogy and  in  mycology  the  opportunity  and  need  of  injecting  physiol- 
ogy into  both  sciences.  His  ideas  are  expressed  in  a  paper  which  he 
gave  at  a  symposium  on  plant  pathology  at  the  annual  meeting  of 
the  Botanical  Society  of  America  held  at  Minneapolis  in  December, 
1910.  In  this  address  he  pointed  out  that  researches  in  plant  pathol- 
ogy and  in  mycology  had  up  to  that  time  been  concerned  more  with 
morphology  than  with  physiology.  He  stressed  the  fact  that  "every 
disease  produced  by  an  organism  presents  the  definite  problem  of 
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certain  complex  relations  between  the  cells  of  the  host  and  those  of 
tlie  parasite.  .  .  .  The  advancement  of  physiological  pathology  is 
dependent  upon  the  work  of  the  physiologist,  of  the  pathologist.,  and 
of  the  biochemist,  or  upon  adequate  consideration  of  the  several 
viewpoints  which  these  names  represent." 

At  St.  Louis  his  researches  broadened  into  various  aspects  o£  plant 
physiology.  His  research  papers  were  concerned  with  such  widely 
different  topics  as  the  development  of  red  pigment  in  tomato  fruits, 
enzymes  of  the  red  alga  Fucus  vesiculosus,  nitrogen  fixation,  the 
effects  of  surface  films  on  transpiration,  and  the  application  of  colori- 
metric  methods  to  the  determination  of  hydrogen  ion  concentration 
in  biological  fluids.  During  the  First  World  War,  he  gave  particular 
attention  to  the  studies  of  the  salt  requirements  of  higher  plants. 
From  1917  to  1919  he  served  as  Acting  Professor  of  Biological 
Chemistry  in  the  Washington  University  Medical  School,  in  order  to 
relieve  P.  A.  Shaffer,  who  had  been  called  into  special  war  duties. 

About  1920,  when  there  was  a  rapidly  growing  interest  among 
plant  pathologists  in  virus  diseases  of  plants,  he  began  a  study  of  the 
tobacco  mosaic  virus  which  continued  for  more  than  fifteen  years.  In 
this  field  he  was  soon  recognized  as  a  leading  investigator.  His  re- 
searches were  directed  primarily  toward  the  nature  of  the  infective 
entity.  He  was  one  of  the  first  to  bring  forth  evidence  as  to  the  ap- 
proximate size  of  the  infective  particle  of  the  virus.  He  also  demon- 
strated for  the  first  time  that  the  juices  of  certain  plants,  such  as 
Phytolacca,  inhibited  the  infectivity  of  the  virus. 

In  1927  Duggar  was  called  to  the  University  of  Wisconsin  as  Pro- 
fessor of  Plant  Physiology  and  Economic  Botany.  In  1929  his  duties 
were  broadened  to  include  a  part-time  professorship  in  Plant  Pathol- 
ogy. While  he  gave  no  formal  courses  in  plant  pathology,  he  served 
as  major  or  minor  professor  to  many  graduate  students  in  this  disci- 
pline. His  broad  knowledge  of  botany,  his  encyclopedic  memory,  his 
original  and  brilliant  mind,  combined  with  a  gentlemanly,  sympa- 
thetic, and  helpful  attitude,  made  for  him  an  unrivaled  position  as 
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an  adviser  to  students  and  staff  members  in  various  branches  of  plant 
science. 

In  the  late  twenties  there  was  a  growing  interest  nationally  in  the 
biological  effects  of  radiation.  A  Committee  on  Effects  of  Radiation 
on  Organisms  was  formed  in  the  Division  of  Biology  and  Agricul- 
ture of  the  National  Research  Council  to  bring  together  known  in- 
formation and  to  aid  in  allocation  of  certain  research  funds.  Duggar 
served  as  a  member  of  this  committee.  He  initiated  an  extensive  pro- 
gram in  his  own  laboratory  on  the  effects  of  irradiation  on  plant 
viruses  and  microorganisms.  He  also  assumed  the  task  of  editing  a 
two-volume  work.  Biological  Effects  of  Radiation,  published  in  1936 
under  the  sponsorship  of  the  Committee.  About  the  same  time  he 
launched  with  Farrington  Daniels,  Professor  of  Chemistry,  a  re- 
search project  on  quantum  relations  in  photosynthesis  in  the  alga 
Chlorella.  He  and  his  co-workers  concluded  from  their  experiments 
that  the  maximum  efficiency  with  which  the  alga  photosynthesizes 
in  optimum  environment  corresponds  to  about  8  photons  of  light 
per  molecule  of  oxygen  evolved.  This  was  equivalent  to  stored  energy 
of  about  30  per  cent  of  the  absorbed  light.  While  this  value  was  con- 
siderably less  than  that  previously  reported  by  Warburg  in  Germany, 
it  has  since  been  confirmed  repeatedly  in  Duggar's  laboratory  and 
by  most  workers  in  this  field  in  this  country. 

In  his  seventy-first  year  (1943)  Duggar  became  Emeritus  Profes- 
sor at  the  University  of  Wisconsin.  Still  very  active  physically  and 
mentally,  he  was  not  one  to  be  easily  shelved  by  mandatory  retire- 
ment rules,  especially  in  the  midst  of  a  devastating  world  war.  In 
1944  he  accepted  an  appointment  with  the  Lederle  Laboratories  Di- 
vision of  the  American  Cyanamid  Company  at  Pearl  River,  New 
York,  as  Consultant  in  Mycological  Research  and  Production.  In  the 
beginning  his  work  here  was  concerned  with  plant  sources  of  anti- 
malarial  drugs.  The  new  wonder  drug,  penicillin,  was  coming  into 
use  rapidly,  and  streptomycin  had  only  recently  been  released.  Dug^ 
gar  was  quick  to  see  that  the  surface  had  only  been  scratched  in  the 
field  of  antibiotics.  He  shortly  began  a  project  which  entailed  a 
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systematic  search  for  other  antibiotic-producing  fungi.  Thousands  of 
soil  samples  were  assembled  and  assays  were  conducted  methodi- 
cally. This  project  had  no  novice  at  the  helm.  Fifty  years  of  experi- 
ence with  fungi  and  their  physiology  were  focused  toward  a  clearly 
defined  goal.  Many  antibiotic-producing  organisms  were  collected, 
assayed,  and  catalogued.  But  more  than  finding  and  assaying  is  neces- 
sary. Many  biochemical  and  physiological  tests  are  essential  before 
a  wonder  drug  is  known  to  be  effective,  safe,  and  industrially 
economical.  Under  Duggar's  leadership  dozens  of  workers  were  kept 
busy  in  various  laboratories  and  pilot  plants  until,  within  a  period 
of  about  three  years,  Streptomyces  aureojaciens  was  defined,  its 
metabolic  product,  aureomycin,  was  isolated,  and  the  new  antibiotic 
with  its  wide  applicability  to  human  pathogens  was  on  the  produc- 
tion lines. 

During  his  long  career,  Duggar  occupied  many  important  extra- 
curricular positions.  He  was  one  of  the  organizers  of  the  American 
Society  of  Agronomy  in  1907  and  served  as  one  of  the  two  first  vice- 
presidents.  In  1908  he  served  on  a  committee  which  organized  the 
American  Phytopathological  Society,  and  served  as  councilor  during 
its  first  year.  He  was  vice-president  of  the  Botanical  Section  of  the 
American  Association  for  the  Advancement  of  Science  in  1925,  and 
of  the  American  Society  of  Naturalists  in  1928.  He  was  president  of 
the  Botanical  Society  of  America  in  1923  and  of  the  American  Society 
of  Plant  Physiologists  in  1947.  He  was  granted  the  Charles  Reid 
Barnes  Life  Membership  Award  by  the  latter  society  in  1941.  He  was 
president  of  the  Society  for  Industrial  Microbiology  in  1952.  When 
the  International  Congress  of  Plant  Sciences  was  held  at  Ithaca, 
New  York,  in  1926,  Duggar  served  as  chairman  of  the  organizing 
committee  and  as  editor  of  the  two-volume  Proceedings.  He  served 
as  editor  for  plant  physiology  of  Botanical  Abstracts  during  the  en- 
tire period  of  its  existence  (1917-1926)  and  continued  in  the  same 
capacity  for  Biological  Abstracts  from  the  time  of  its  inception 
(1926)  until  1933.  He  was  elected  to  the  American  Philosophical 
Society  in  1921,  and  to  the  National  Academy  of  Sciences  in  1927. 
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Other  scientific  societies  of  which  he  was  a  member  included  the 
Mycological  Society  of  America;  American  Chemical  Society;  So- 
ciety for  Experimental  Biology  and  Medicine;  Wisconsin  Academy 
of  Sciences,  Arts  and  Letters;  New  York  Academy  of  Sciences;  Tor- 
rey  Botanical  Club;  Academy  of  Natural  Sciences  of  Philadelphia; 
American  Public  Health  Association;  Society  of  American  Bacteriol- 
ogists; and  Societe  Botanique  de  France.  He  was  Chairman  of  the 
Division  of  Biology  and  Agriculture,  National  Research  Council 
(1925-26).  He  was  a  Trustee  of  the  Marine  Biological  Laboratory  at 
Woods  Hole,  Massachusetts;  of  the  Oceanographic  Institute  at 
Woods  Hole;  of  the  Bermuda  Biological  Station;  and  of  the  Inter- 
national Basic  Economy  Corporation  Research  Institute.  He  was  a 
member  of  Sigma  Xi,  Phi  Beta  Kappa,  and  Phi  Sigma. 

Three  institutions  at  which  he  had  served  conferred  honorary 
degrees  upon  him  (University  of  Missouri,  L.L.D.,  1944;  Washing- 
ton University,  Sc.  D.,  1953;  University  of  Wisconsin,  D.  Sc.,  1956). 
He  was  given  special  recognition  at  the  annual  banquet  of  the  Ameri- 
can Phytopathological  Society  in  1950.  As  the  discoverer  of  aureo- 
mycin  his  fame  extended  far  beyond  the  field  of  plant  science.  He 
accepted  speaking  engagements  before  medical  science  groups  in 
many  parts  of  the  world.  He  received  the  Medal  of  Honor  of  Public 
Education  of  Venezuela  (1951);  Pasteur  Institute  Medal  (1951); 
Distinguished  Service  Medal  of  the  Brooklyn  Botanical  Garden 
(J953)  5  a  plaque  for  "inquiry  and  improved  pharmaceutical  service" 
from  the  Brooklyn  College  of  Pharmacy  and  Alumni  Association 
(J954);  and  a  Certificate  of  Merit  from  the  Botanical  Society  of 
America  (1956).  He  was  elected  a  Fellow  of  the  International  Col- 
lege of  Surgeons  (1952).  Honorary  membership  was  conferred  upon 
him  by  La  Societa  Italiana  de  Ematologia.  He  was  made  a  corre- 
sponding member  of  La  Societa  Lancisiana  di  Roma.  He  was  re- 
ceived in  private  audience  by  Pope  Pius  XII  and  given  a  special 
medal.  On  one  of  his  two  visits  to  Japan,  he  was  invited  to  a  private 
audience  by  the  Emperor.  This  formal  affair  soon  changed  to  a 
friendly  informal  discussion  an  hour  or  more  in  duration  between 
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two  biologists.  The  next  day  Duggar  was  surprised  to  receive  a  call 
from  the  imperial  messenger,  who  presented  him  with  a  copy  of 
one  of  the  Emperor's  treatises  on  the  algae. 

To  those  who  were  so  fortunate  as  to  be  associated  with  Duggar 
personally,  he  was  known  as  a  modest,  friendly  gentleman,  slight  in 
stature,  keen  in  intellect,  and  broad  in  scientific  and  nonscientific 
interests.  He  was  alert,  critical,  and  keenly  discriminating  in  every- 
thing he  did,  whether  performing  an  experiment  in  his  laboratory, 
preparing  a  complete  southern  dinner  in  his  kitchen,  or  enticing  a 
walleye  or  muskie  to  the  lure  on  his  fishing  line.  He  had  many  inter- 
ests. He  was  an  expert  and  persistent  gardener;  he  played  tennis  and 
golf;  he  loved  to  cook;  and  among  his  acquaintances  he  was  recog- 
nized as  an  enthusiastic  and  expert  fisherman  on  fresh  and  on  salt 
water.  He  was  an  ardent  bowler  and  a  devoted  follower  of  the  St. 
Louis  Cardinals  when  he  lived  in  St.  Louis  and  Madison,  and  of  the 
New  York  Giants  when  he  lived  in  New  York.  All  of  these  pastimes 
he  integrated  with  a  busy  laboratory  program  right  up  to  the  day  of 
his  final  illness.  Few  persons  are  privileged  to  impress  so  many  people 
in  all  walks  of  life  with  their  sterling  character  and  their  kindly  in- 
terest in  humans  and  human  affairs.  Few  men  have  left  their  indeli- 
ble print  on  so  many  phases  of  biology  over  a  period  of  nearly 
seventy  years. 

Dr..  Duggar  was  united  in  marriage  on  October  16,  1901  with 
Marie  L.  Robertson  of  East  Aurora,  New  York,  who  died  in  1922.  To 
them  were  born  two  sons  and  three  daughters:  Benjamin  M.  Duggar, 
Jr.,  George  S.  Duggar,  Mrs.  Charles  Plunkett,  Mrs.  John  F.  Adams, 
and  Mrs.  David  Saunders.  On  June  6, 1927,  he  married  Elsie  Rist  of 
St.  Louis,  Missouri,  who  survived  him.  To  them  was  born  one 
daughter,  Gene  Lorraine  Duggar.  All  of  his  children  and  thirteen 
grandchildren  survived  him. 
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KEY  TO  ABBREVIATIONS 

Ala.  Canebrake  Exp.  Sta.  Bull. = Alabama  Canebrake  Experiment  Station  Bul- 
letin 

Am.  J.  Botany  =  American  Journal  of  Botany 

Ann.  Mo.  Bot.  Garden  =  Annals  of  the  Missouri  Botanical  Garden 

Ann.  N.  Y.  Acad.  Sci.  =  Annals  of  the  New  York  Academy  of  Sciences 

Ann.  Rev.  Biochem.=  Annual  Review  of  Biochemistry 

Biol.  Bull.  =  Biological  Bulletin 

Botan.  Gaz.  =  Botanical  Gazette 

Bull  111.  State  Lab.  Nat.  Hist.  =  Bulletin  of  the  Illinois  State  Laboratory  of 
Natural  History 

Bull  Torrey  Botan.  Club  =  Bulletin  of  the  Torrey  Botanical  Club 

Carnegie  Inst.  Wash.  Yearbook  =  Yearbook  of  the  Carnegie  Institution  of 
Washington 

Cornell  Univ.  Agr.  Exp.  Sta.  Bull. = Cornell  University  Agricultural  Experi- 
ment Station  Bulletin 

J.  Agr.  Res.  =  Journal  of  Agricultural  Research 

J.  Am.  Chem.  Soc.  =  Journal  of  the  American  Chemical  Society 

J.  Bacteriol.= Journal  of  Bacteriology 

J.  Cancer  Research  =  Journal  of  Cancer  Research 

J.  Cellular  and  Comp.  Physiol.  =  Journal  of  Cellular  and  Comparative  Physi- 
ology 

J.  Phys.  Chem. = Journal  of  Physical  Chemistry 

N.  Y.  State  Agr.  Exp.  Sta.  Tech.  Bull.  =  New  York  State  Agricultural  Experi- 
ment Station  Technical  Bulletin 

Proc.  Amer.  Acad.  Arts  Sci.= Proceedings  of  the  American  Academy  of  Arts 
and  Sciences 

Proc.  Amer.  Phil.  Soc.= Proceedings  of  the  American  Philosophical  Society 

Proc.  Amer.  Soc.  Hort.  Sci.= Proceedings  of  the  American  Society  of  Horti- 
cultural Science 

Proc.  Intern.  Cong.  Plant  Sci.  =  Proceedings  of  the  International  Congress  of 
Plant  Sciences 

Proc.  Nat.  Acad.  Sci.= Proceedings  of  the  National  Academy  of  Sciences  of 
the  United  States  of  America 

Proc.  Soc.  Amer.  Florists = Proceedings  of  the  Society  of  American  Florists 

Proc.  Soc.  Exp.  Biol.  Med.  =  Proceedings  of  the  Society  for  Experimental  Bi- 
ology and  Medicine 
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CLARENCE  EDWARD  DUTTON 

May  15,  1841 — January  4,  79/2 

BY   CHESTER  R.   LONGWELL 


SCIENTIFIC  EXPLORATION  "west  of  the  hundredth  meridian,"  inter- 
rupted in  its  early  stages  by  the  Civil  War,  was  resumed 
promptly  with  the  return  of  peace.  Ferdinand  Hayden  and  Clarence 
King  led  off  with  ambitious  programs,  and  a  significant  recruit, 
John  Wesley  Powell,  began  his  constructive  public  service  in  1869 
with  the  first  exploratory  trip  down  the  Colorado  River  of  the  West. 
The  grim  experiences  of  the  war  years  matured  and  hardened  Powell 
and  some  of  his  potential  assistants  for  the  rigorous  labors  involved 
in  field  study  of  a  rugged,  sparsely  settled  country.  One  destined  to 
become  a  top-flight  assistant  and  colleague  was  Clarence  Edward 
Dutton,  now  identified  in  standard  biographies  as  "soldier  and 
geologist/' 

Dutton  was  born  May  15,  1841,  at  Wallingford,  Connecticut, 
where  his  father  was  a  shoemaker  and  also  served  for  many  years  as 
postmaster.  Clarence  had  much  of  his  early  schooling  at  Ellington, 
Connecticut,  and  advanced  so  rapidly  that  he  could  have  gone  to  col- 
lege at  the  age  of  fourteen.  He  was  held  back  for  a  year,  then  en- 
tered Yale  College  and  was  graduated  with  the  class  of  1860,  shortly 
after  his  nineteenth  birthday.  His  early  intention,  encouraged  by  his 
family,  was  to  fit  himself  for  the  ministry,  but  continued  study  and 
maturing  judgment  brought  conviction  that  his  real  interests  were 
in  other  fields.  Literature  attracted  him  strongly,  as  evidenced  by  his 
winning  the  "Yale  Lit"  medal  in  his  junior  year.  Macaulay's  essays 
fascinated  him,  and  Thackeray  was  his  favorite  novelist.  Doubtless 
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his  early  absorption  in  good  literature  bore  fruit  in  the  style  of  his 
own  later  writings. 

Button's  enthusiasm  for  learning  did  not  make  him  an  unbal- 
anced, ascetic  individual.  He  had  a  fine  physique,  and  as  an  under- 
graduate he  became  an  outstanding  athlete,  particularly  in  gym- 
nastics and  in  rowing.  In  later  years  he  liked  to  recall  that  he  rowed 
No.  7  in  the  first  crew  race  between  Yale  and  Harvard.  A  sturdy  con- 
stitution was  later  an  essential  asset  when  he  engaged  in  long  seasons 
of  geologic  work,  traveling  on  horseback  and  afoot  in  the  western 
plateaus  and  canyons. 

Dutton  continued  at  Yale  in  graduate  study  for  two  years  after 
receiving  the  B.  A.  degree.  Whether  James  Dwight  Dana  may  have 
planted  the  seed  that  later  grew  into  his  flair  for  geology  is  not 
known.  Certainly  mathematics  and  chemistry  came  to  share  a  place 
with  literature  in  his  broad  range  of  interests.  Clarence  King,  his 
junior  by  a  year  and  later  one  of  his  chief  associates,  was  graduated 
from  the  Sheffield  Scientific  School  in  1862,  but  perhaps  the  two  did 
not  meet  as  students — "Sheff"  and  "Ac"  were  close  neighbors  physi- 
cally, but  at  that  date  they  were  essentially  separate  institutions. 

The  war  became  a  pressing  reality,  and  in  September,  1862,  Dutton 
enlisted  in  the  Twenty-first  Connecticut  Infantry  and  was  appointed 
adjutant,  with  rank  of  first  lieutenant.  His  unit  saw  early  action, 
and  he  was  wounded  at  the  battle  of  Fredericksburg,  but  stayed  with 
his  regiment,  recovering  to  take  part  in  the  battle  of  Suffolk  and  in 
many  minor  skirmishes.  In  March,  1863,  he  was  promoted  to  the 
rank  of  captain.  Later  the  same  year  he  passed  an  examination  given 
by  the  Ordnance  Corps  of  the  regular  army — an  exceptional  accom- 
plishment for  one  without  West  Point  training— and  in  January  of 
1864  he  accepted  appointment  as  second  lieutenant  of  ordnance.  In 
the  last  year  of  the  war  he  commanded  the  ordnance  depot  of  the 
Army  of  the  Potomac. 

When  the  war  ended  he  kept  his  army  assignment,  and  early  in 
1867  he  was  promoted  to  be  first  lieutenant.  Apparently  he  liked 
the  ordnance  work,  his  position  gave  him  and  his  growing  family 


134  BIOGRAPHICAL   MEMOIRS 

security  and— probably  an  important  determinant— it  afforded  some 
leisure  and  facilities  for  further  study  in  scientific  fields.  For  several 
years  he  devoted  time  to  study  of  geology  and  to  certain  aspects  of 
chemistry.  A  revolution  in  the  manufacture  of  steel  was  under  way, 
and  in  1869,  while  Button  was  stationed  at  the  Watervliet  Arsenal, 
.West  Troy,  New  York,  he  read  before  the  American  Association  for 
the  Advancement  of  Science  his  first  scientific  paper,  "On  the  Chem- 
istry of  the  Bessemer  Process."  *  His  transfer  the  following  year  to 
the  Frankford  Arsenal,  Philadelphia,  placed  him  within  the  con- 
genial orbit  of  the  Franklin  Institute,  the  American  Philosophical 
Society,  and  the  Academy  of  Sciences.  At  a  meeting  of  the  Philo- 
sophical Society  he  presented  a  paper,  "The  Causes  of  Regional  Ele- 
vations and  Subsidences,"  which  reveals  that  he  had  already  given 
some  thought  to  profound  geologic  problems,  though  he  was  barely 
thirty  years  old  and  his  military  duties  had  first  call  on  his  time  and 
energy. 

The  stay  in  Philadelphia  was  brief.  In  1871  he  was  transferred  to 
the  arsenal  at  Washington,  D.  C.,  just  in  time  to  witness  the  struggle 
among  rival  groups  of  geologists  that  finally  was  resolved  by  the 
establishment  of  the  U.  S.  Geological  Survey  in  1879.  He  joined  the 
Philosophical  Society  of  Washington,  where  he  met  distinguished 
men  in  various  fields  of  learning;  his  love  for  literature  remained 
strong;  and  he  maintained  a  broad  interest  in  science.  During  his 
long  residence  in  Washington,  he  associated  freely  with  leaders  in 
the  sciences  and  arts,  professionally  through  the  learned  societies, 
socially  through  the  Cosmos  Club,  in  the  founding  of  which  he 
played  a  part.  When  Dutton  moved  to  Washington,  J.  W.  Powell  was 
away,  directing  the  second  trip  down  the  Colorado  River  and  plan- 
ning an  ambitious  program  of  mapping  in  the  plateau  country. 
Probably  he  and  Dutton  met  in  1872,  and  their  acquaintance  soon 
became  firm  and  intimate.  The  two  were  long  known  among  their 
acquaintances  as  "the  Major"  and  "the  Captain,"  Powell  carrying  the 

1  Only  the  title  of  this  paper  was  printed  in  the  Proceedings  of  the  Association 
for  1870. 
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former  title  from  his  Civil  War  service  and  Button  acquiring  the 
rank  Captain  of  Ordnance  by  promotion  in  1873.  Dutton  usually 
referred  to  Powell  as  "Professor/5  a  title  derived  from  Powell's  teach- 
ing experience  in  Illinois. 

In  maturing  plans  for  further  geologic  studies  in  Utah  Territory, 
Powell  became  convinced  that  Dutton  was  the  man  best  equipped  to 
have  charge  of  the  field  work.  For  some  time  Dutton  demurred,  but 
the  prospect  was  attractive  to  him,  and  in  1875  the  Ordnance  Corps 
agreed  to  detach  him  temporarily  for  detail  to  the  Survey  of  the 
Rocky  Mountain  Region  under  the  Interior  Department.  This  assign- 
ment began  for  him  a  fifteen-year  period  of  phenomenal  activity  and 
achievement. 

When  Dutton  was  detailed  by  the  Ordnance  Corps  for  geologic 
work,  he  felt  he  was  in  some  respects  a  novice  among  the  more  ex- 
perienced field  workers,  and  he  cultivated  their  acquaintance  and 
counsel.  A  favorite  colleague  was  G.  K.  Gilbert,  who  had  begun  his 
far-western  work  with  the  Wheeler  party  in  1871.  Gilbert  started 
his  historic  study  of  the  Henry  Mountains  in  1875,  and  so  shared 
with  Dutton  the  beginning  of  systematic  mapping  in  the  plateau 
country  near  the  Grand  Canyon.  A  brief  report  by  Dutton  on  some 
of  the  igneous  rocks  collected  in  the  Henry  Mountains  is  included  in 
Gilbert's  monograph,  Geology  of  the  Henry  Mountains,  published 
in  1877.  J.  W.  Powell  shared  with  Gilbert  a  high  place  in  Dutton's 
esteem,  and  during  the  winter  months  in  Washington  the  three  were 
often  together  for  comparison  of  notes  and  discussion  of  problems 
relating  to  the  plateaus.  Dutton  testified  that  these  friendly  con- 
sultations had  benefited  him  immeasurably,  and  in  a  published 
acknowledgment  to  Powell  and  Gilbert  he  stated,  "If  I  paid  them 
their  intellectual  dues  I  would  be  bankrupt." 

Powell,  Gilbert,  and  Dutton  together  laid  a  firm  foundation  on 
which  rests  much  of  our  present  understanding  of  geologic  history 
as  it  is  revealed  in  the  unexcelled  exposures  of  the  wide  Colorado 
Plateau.  In  considerable  part  their  published  records  and  conclusions 
have  been  superseded  by  results  of  later,  more  detailed  work.  Inevi- 
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tably  the  first  reconnaissance  of  an  area  so  immense  and  rugged,  by  a 
few  trained  men  who  lacked  equipment  now  considered  indispensa- 
ble, gave  results  that  by  modern  standards  are  somewhat  crude  and  in 
part  erroneous.  But  some  basic  conclusions  set  down  by  these  early 
workers  mark  them  as  men  of  exceptional  initiative  and  vision. 
Powell,  in  his  introduction  to  Button's  report  on  the  High  Plateaus, 
reveals  that  at  that  early  stage  in  study  of  the  sedimentary  rocks  the 
evidence  of  earlier  highlands  to  the  west  had  been  detected.  Gilbert's 
report  on  igneous  bodies  of  the  Henry  Mountains  remains  a  classic 
with  international  recognition.  Button's  attention  was  focused  par- 
ticularly on  the  evidence  for  differential  uplift  of  crustal  blocks,  and 
on  the  major  role  of  erosion  in  fashioning  the  Grand  Canyon  and 
other  surface  features  of  the  plateau  country.  He  recognized  evidence 
for  two  major  episodes  of  erosional  history:  the  first  he  called  "the 
great  denudation,"  the  second  "the  canyon  cycle."  With  Gilbert  and 
Powell  he  did  much  to  stimulate  ideas  on  the  systematic  development 
of  land  forms. 

Geologists  who  have  some  present-day  acquaintance  with  the 
high-plateau  country  of  southcentral  Utah  can  have  only  the  highest 
admiration  for  the  results  accomplished  there  by  Dutton  and  his 
party  in  three  summers  of  field  work.  Much  of  the  country  is  ex- 
tremely rugged,  and  in  the  18705  practically  all  of  it  was  difficult  of 
access.  Settlements  were  restricted  to  widely  spaced  valleys,  the  only 
railroad  was  far  to  the  north,  and  the  means  of  travel  for  men  and 
supplies  was  restricted  to  team  and  wagon,  pack  train,  and  saddle 
horse.  Formidable  relief  increased  the  physical  difficulties;  several 
of  the  large  plateaus  have  altitudes  well  above  11,000  feet,  and  from 
their  cliffy  margins  steep  slopes  extend  into  nearby  valleys  several 
thousands  of  feet  lower.  And  Dutton  was  faced  not  only  with  un- 
known geology — the  geography  of  this  region  also  was  in  a  nebulous 
state.  Base  maps  were  a  first  essential. 

Because  of  high  altitudes,  the  winters  in  the  high  plateaus  are  long 
and  seasons  for  productive  field  work  are  short.  Yet  from  1875  to 
1877  Button's  party  mapped  an  area  measuring  about  150  miles  long 
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from  north  to  south,  50  miles  wide  at  the  north  and  no  miles  wide 
at  the  south — fully  12,000  square  miles — on  a  scale  of  4  miles  to  the 
inch.  A.  H.  Thompson,  who  had  been  with  Powell  on  both  trips 
down  the  Colorado,  established  the  triangulation  net  for  control,  and 
two  skilled  topographers  equipped  with  plane  tables  sketched  the 
chief  physical  features  on  sheets  with  contours  spaced  at  intervals  of 
250  feet.  On  this  base  Button  represented  the  geology:  the  sedi- 
mentary rocks  by  systems,  Carboniferous  to  Quaternary,  and  the 
igneous  rocks  classified  in  four  categories.  The  result  is  of  course  a 
first  approximation,  and  Button  himself  was  acutely  conscious  of 
the  deficiencies.  But  the  aim  was  to  present  a  broad  picture  of  the 
geography  and  geology  of  that  little-known  region  as  quickly  as  pos- 
sible. Time  was  cut  to  a  minimum  not  only  in  the  field  study,  but 
also  in  arrangements  for  publication.  Less  than  three  years  after  the 
third  field  season  was  complete,  the  Government  Printing  Office  was 
distributing  a  quarto  volume  of  307  pages  filled  with  Button's  clear 
descriptions  and  explanations,  accompanied  by  an  atlas,  measuring 
22x32  inches,  made  up  of  well-executed  maps  and  structure  sec- 
tions. This  work  was  received  with  enthusiasm  both  in  this  country 
and  abroad;  more  than  one  competent  critic  gave  it  emphatic  ap- 
proval. 

Button  became  more  and  more  fascinated  by  the  Grand  Canyon 
country,  directly  south  of  his  high  plateaus.  He  made  brief  excur- 
sions along  the  lower  belt  near  the  canyon  late  in  the  season,  after 
the  high  region  grew  too  cool  for  comfort,  and  on  completion  of 
the  high-plateau  project  he  devoted  three  seasons  to  a  comprehensive 
study  of  the  Grand  Canyon  geology.  While  this  work  was  in  prog- 
ress, the  U.  S.  Geological  Survey  was  organized,  with  Clarence  King 
as  its  first  Birector.  Button's  Grand  Canyon  work  was  one  of  the 
first  projects  to  be  completed  and  published  by  the  new  organization. 
Again  both  Button  and  the  publishers  were  prompt;  field  work 
ended  in  1880,  and  two  years  later  two  large  reports  were  in  print. 
One  of  these,  comprising  about  120  pages  with  plates  and  figures, 
appeared  in  the  second  Annual  Report  of  the  Geological  Survey;  the 
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other,  consisting  of  a  quarto  volume  with  264  pages,  accompanied  by 
a  large  atlas,  is  Monograph  2  of  the  Survey,  but  actually  the  first  of 
the  monographs  to  be  published. 

The  latter  work  remains  an  outstanding  classic  of  geology.  In- 
spired descriptions  of  the  Canyon  landscape  are  reinforced  with  fine 
panoramic  drawings  by  W.  H.  Holmes.  Dutton  found  die  Canyon 
country  "a  great  innovation  in  modern  ideas  of  scenery,  and  in  our 
conceptions  of  the  grandeur,  beauty,  and  power  of  nature."  Living 
for  weeks  with  the  grand  panorama  spread  before  him,  seeing  the 
subtle  variations  in  color,  outline,  and  composition  as  light  values 
changed  with  the  height  of  the  sun,  he  came  to  feel  that  the  scientific 
and  esthetic  qualities  of  the  canyon  landscapes  were  inseparable  and 
that  "the  severe  ascetic  style"  of  ordinary  description  could  not  do  the 
subject  justice.  Accordingly,  a  part  of  his  report  is  a  sort  of  guided 
tour  in  which  choice  parts  of  the  Canyon  scenery  are  exhibited  to  the 
reader  through  Button's  experienced  eyes.  Readers  who  may  feel  that 
parts  of  the  description  are  overdrawn  should  spend  a  few  hours  at 
one  of  Dutton's  viewpoints,  such  as  Point  Sublime,  to  appreciate  the 
judgment  of  the  British  geologist,  Archibald  Geikie,  who  said  after 
reading  Dutton's  monograph:  "Any  man  who  could  sit  down  and 
dissect  these  canons  in  cold  blood,  and  with  as  little  emotion  as  he 
would  show  in  cutting  up  a  joint  of  beef,  would  be  a  creature  not 
to  be  envied." 

Abundant  volcanic  rocks  in  the  plateaus  drew  Dutton's  attention 
to  volcanism  as  a  major  geologic  problem,  and  in  1882  he  spent  six 
months  in  a  field  „  study  of  Hawaiian  volcanoes.  True  to  his  habit,  he 
put  his  findings  and  resultant  ideas  into  print,  this  time  in  several 
short  papers,  besides  a  lengthy  report  published  by  the  Survey.  Mean- 
while, he  resumed  field  study  in  the  plateaus,  spending  two  seasons 
in  the  extinct  volcanic  field  around  Mount  Taylor,  New  Mexico,  and 
the  adjacent  Zuni  uplift.  With  volcanism  still  uppermost  in  his  inter- 
est, he  began  a  survey  of  the  Cascade  Range  in  Oregon  and  northern 
California,  but  before  the  end  of  his  -  second  season  there  his  attention 
was  diverted  by  the  earthquake  of  1886  at  Charleston,  South  Caro- 
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lina.  Intensive  study  of  that  event  and  its  effects  resulted  in  a  major 
publication,  as  well  as  shorter  papers  on  earthquakes  in  general. 

Button  was  elected  to  the  National  Academy  of  Sciences  in  1884. 

Button's  publications  up  to  this  point  assured  him  wide  recogni- 
tion in  geology,  but  probably  his  name  is  best  known  because  of  a 
short  paper,  published  in  1889,  entitled,  "On  Some  of  the  Greater 
Problems  of  Physical  Geology."  An  early  essay,  published  before  his 
transfer  to  Washington,  revealed  his  concern  about  the  basic  reasons 
for  large-scale  uplift  and  subsidence  of  the  earth's  surface.  Buring  his 
studies  in  the  plateau  region,  he  had  been  impressed  with  eloquent 
examples  of  such  movements:  wide  plateau  blocks,  floored  with  sedi- 
mentary rock  formed  in  the  sea,  now  thousands  of  feet  above  sea 
level;  the  Front  Range  of  Colorado  and  other  Rocky  Mountain  units, 
all  once  below  the  sea  and  now  thousands  of  feet  higher  than  adja- 
cent plains  and  plateaus.  Long  reflection  on  these  facts  led  him  to 
favor  the  concept  of  a  general  balance  within  the  earth's  crust,  with 
lighter  weight  blocks  coming  to  stand  higher  than  adjacent  blocks 
with  higher  density.  For  this  concept,  first  expressed  by  Pratt  and 
Airy  in  the  1850$,  Button  now  proposed  the  term  isostasy,  "equal- 
standing,"  a  term  that  has  met  world-wide  acceptance. 

In  1890,  when  the  many  and  diverse  projects  he  had  undertaken 
for  the  Geological  Survey  were  completed,  Button  was  returned  to 
military  duty  upon  his  own  request.  The  next  year  he  was  ad- 
vanced to  the  rank  of  Major  and  placed  in  command  of  the  San 
Antonio  (Texas)  Arsenal,  where  he  remained  for  eight  years.  Early 
in  1901  his  application  for  retirement  was  granted,  but  his  interest 
in  geology  and  related  subjects  continued  unabated.  He  had  kept 
abreast  of  rapid  developments  in  seismic  study,  and  in  1904  he  pub- 
lished a  book  on  which  he  had  worked  for  years,  Earthquakes  in  the 
Light  of  the  New  Seismology.  The  discovery  of  radioactivity,  an- 
nounced while  he  was  on  duty  in  Texas,  fired  his  imagination.  Could 
radioactive  heat  be  the  basic  cause  of  volcanic  activity?  This  concept 
was  embodied  in  a  paper,  "Volcanoes  and  Radioactivity,"  published 
in  1906. 
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His  last  years  were  spent  in  the  home  of  his  son  at  Englewood, 
New  Jersey.  Failing  health  took  away  much  of  his  energy,  but  not 
his  interest  in  scientific  developments  and  writings.  Arteriosclerosis 
made  rapid  inroads,  and  he  accepted  calmly  the  certainty  that  the 
end  was  near.  One  of  his  last  comments  was,  "Farewell  to  my  old 
friends  on  the  Geological  Survey."  He  died  peacefully  on  January  4, 
1912,  in  his  seventy-first  year. 

Button's  immediate  family  was  small.  He  married,  April  18,  1864, 
Emeline  C.  Babcock,  of  New  Haven,  Connecticut.  They  had  a  son, 
Clarence  Edward,  Jr.  Their  only  daughter  had  passed  away  nine 
years  earlier.  No  member  of  the  family  is  now  living. 

Surely  this  man's  career  was  exceptional,  and  a  considerable  part 
of  his  published  results  has  lasting  value.  Few  professional  geologists 
have  within  a  span  of  fifteen  years  done  as  much  constructive  sci- 
entific work;  yet  his  contribution  was  made  outside  his  official  posi- 
tion in  the  regular  army.  His  publications  are  an  enduring  testi- 
mony to  his  scientific  and  literary  abilities,  and  fortunately  some 
intimate  associates  have  set  down  impressions  of  his  personality  and 
character. 

Button  was  an  attractive  person,  with  erect  carriage  and  powerful 
physique.  Beards  were  popular  in  his  day,  and  published  photo- 
graphs show  him  with  large  moustache  and  small  chin  whisker. 
Ordinarily  he  was  reserved  and  unassuming,  but  always  friendly, 
interested  in  all  kinds  of  people,  and  an  excellent  conversationalist. 
He  read  rapidly  and  widely,  had  an  exceptionally  retentive  memory, 
and  was  well  informed  on  current  as  well  as  historical  matters  and 
on  good  literature.  Intricate  problems  fascinated  him,  and  in  their 
solution  he  showed  remarkable  powers  of  concentration.  From  an 
early  age  he  liked  chess,  and  sometimes  he  played  as  many  as  seven 
simultaneous  blindfold  games.  Occasionally  he  would  spend  an  en- 
tire night  wrestling  with  a  chess  problem,  finally  laying  it  aside  to 
join  the  family  at  breakfast.  This  kind  of  diversion  went  logically 
with  his  love  of  mathematics  and  science.  During  these  absorbing 
games,  as  well  as  in  period  of  serious  study,  he  smoked  prodigiously. 
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But  when  he  was  about  fifty  years  old  he  gave  up  chess  as  an  inter- 
ference with  his  work,  and  a  few  years  later  he  stopped  smoking, 
convinced  that  it  was  injuring  his  health. 

The  son,  Clarence  E.  Dutton,  Jr.  has  set  down  some  information 
that  helps  explain  the  large  volume  of  his  father's  contribution 
within  a  few  years.  An  important  part  of  the  explanation  lies  in  the 
elder  Button's  early  mastery  of  literary  analysis  and  composition. 
"The  literary  side  was  first  cultivated  and  its  expression  fixed  before 
he  turned  to  science/'  In  preparing  a  report,  "the  subject  at  hand  was 
always  mentally  laid  out  in  practically  final  form  before  he  began 
writing.  Most  of  it  he  wrote  out,  and  there  were  few  changes  made. 
For  several  years  I  was  his  amanuensis  and  typed  his  papers  as  he 
dictated;  little  had  to  be  rewritten.  ...  In  one  (very  long)  working 
day  he  dictated  to  me  over  n,ooo  words.  There  were  two  minor  cor- 
rections only.  ...  I  was  so  familiar  with  his  expression  that  I  could 
usually  catch  up  with  him,  if  he  spoke  fast,  at  the  end  of  a  sentence. 
If  I  failed,  he  would  repeat  the  entire  sentence  without  hesitation, 
no  matter  how  long." 

Preparation  of  an  adequate  biographical  sketch  nearly  half  a 
century  after  Button's  death  has  not  been  an  easy  task.  For  much  of 
the  required  basic  information  I  am  indebted  to  the  Alumni  Records 
of  Yale  University,  and  to  the  generous  help  of  two  people  whose  re- 
searches have  been  concerned  with  J.  W.  Powell  and  his  professional 
associates:  Professor  Wallace  Stegner  of  Stanford  University,  and 
Professor  Thomas  G.  Manning  of  Texas  Technologic  College. 
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KEY  TO  ABBREVIATIONS 

Am.  Jour.  Sci.  =  American  Journal  of  Science 

Ann.  Rpt.  =  Annual  Report 

Bull.  Phil.  Soc.  Wash.  =  Bulletin  of  the  Philosophical  Society  of  Washington 

Congres  Internat.  =  Congres  International 

Geol.  Mag.  =  Geological  Magazine 

Internat.  Cong.  Geol.,  Am.  Comm.  Rpts.= International  Geological  Congress, 
Reports  of  the  American  Committee 

Jour.  Geol.  =  Journal  of  Geology 

Mon.  =  Monograph 

Penn.  Monthly  =  Pennsylvania  Monthly 

Pop.  Sci.  Monthly  =  Popular  Science  Monthly 

Proc.  Am.  Assoc.  Adv.  Sci.  =  Proceedings  of  the  American  Association  for  the 
Advancement  of  Science 

Proc.  Am.  Phil.  Soc. = Proceedings  of  the  American  Philosophical  Society 

Senate  Misc.  Doc.,  52nd  Cong.  =  Senate  Miscellaneous  Documents,  Fifty-second 
Congress 
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HAROLD  HIBBERT 

August  27,  1877 — May  /j,  1945 

BY    MELVILLE    L.    WOLFROM 


[•AROLD  HIBBERT  was  born  in  the  textile  center  of  Manchester, 
England,  on  August  27,  1877,  to  Martha  (Scholes)  and  Isaac 
Hibbert,  both  of  Manchester,  as  the  second  in  a  family  of  four  boys. 
His  father  held  a  responsible  position  with  a  Manchester  company 
engaged  in  the  export  of  cotton  goods,  mainly  to  South  America. 
Isaac  Hibbert  (1844-1914)  was  active  in  the  United  Methodist 
Church  of  Manchester  and  was  a  staunch  and  devoted  Liberal;  he 
was  a  teetotaler,  a  nonsmoker,  played  the  violin,  had  a  good  tenor 
voice,  and  was  able  to  converse  in  Spanish.  Harold  was  raised  in  the 
stimulating  atmosphere  of  this  fine  home  and  his  talents  were  early 
recognized  when  at  the  age  of  seventeen  he  was  awarded  a  Man- 
chester Corporation  Scholarship  which  enabled  him  to  enter  the 
Victoria  University  of  Manchester.  This  university,  now  generally 
known  as  Manchester  University,  was  chartered  in  1880  and  had  de- 
veloped from  the  privately  endowed  Owens  College,  opened  in  1851. 
Harold  elected  the  Honours  course  and  graduated  in  1897  with  First 
Class  Honours  in  Chemistry.  William  H.  Perkin,  Jr.,  then  near  his 
fortieth  year,  was  Professor  of  Chemistry  at  Manchester  and  was 
attracting  many  research  students.  Hibbert  was  awarded  the  fellow- 
ship known  as  the  Levinstein  Exhibition  for  research  in  organic 
chemistry  and  received  the  M.  Sc.  degree  under  Perkin  in  1900.  This 
contact  with  Professor  Perkin,  an  outstanding  investigator  in  organic 
chemistry,  greatly  stimulated  the  young  man,  and  Perkin  was  the 
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first  of  three  great  leaders  in  this  discipline  to  exert  a  marked  influ- 
ence upon  Hibbert's  career. 

Hibbert  accepted  an  appointment,  in  1899,  as  Instructor  in  Chem- 
istry at  the  University  College  of  Wales,  Aberystwyth.  In  support  of 
his  student,  Perkin  had  written:  "I  have  no  hesitation  in  expressing 
the  opinion  that  Hibbert  has  every  prospect  of  a  very  successful  career 
before  him."  North  Wales  is  in  many  ways  more  closely  related  to 
Lancashire  and  the  Midlands  than  to  South  Wales;  its  university  was 
opened  in  1872  and  chartered  in  1892.  In  1901  J.  J.  Sudborough  was 
appointed  Professor  of  Chemistry,  and  Hibbert's  first  publications, 
as  joint  author  with  Sudborough,  were  concerned  mainly  with  appli- 
cations of  the  Tschugaeff  (ZerewitinoJff)  reaction,  then  quite  new. 
Hibbert  remained  in  this  post  until  1904,  when  he  left  for  further 
study  at  the  University  of  Leipzig. 

He  arrived  in  Leipzig  in  October,  1904,  and  worked  under  Arthur 
Hantzsch,  who  had  just  succeeded  Johannes  Wislicenus.  The  re- 
search outlook  of  Hantzsch  was  mainly  physicochemical  in  nature 
and  Hibbert's  work  with  him  concerned  addition  products  of  trial- 
kyl  derivatives  of  phosphines,  arsines,  and  stibines.  The  starting  ma- 
terials were  prepared  by  the  Grignard  reaction  rather  than  by  the  use 
of  zinc  alkyls.  The  University  of  Leipzig  awarded  Hibbert  the  Ph.  D. 
degree  summa  cum  laude  in  1906.  Professor  Hantzsch  was  a  scholar 
and  philosopher  and  his  lectures  in  organic  chemistry,  accompanied 
by  numerous  experiments,  were  highly  inspirational.  Hibbert's  natu- 
ral charm  and  cordial  manner  and  his  sincere  respect  for  his  profes- 
sor brought  him  into  intimate  contact  with  Hantzsch  and  his  family, 
a  distinction  allotted  to  but  few  other  students.  Hantzsch  was  an  ideal 
host,  well  versed  in  art,  poetry,  and  music.  At  Leipzig,  Hibbert  be- 
came acquainted  with  a  small  group  of  American  students  who  later 
became  distinguished  chemists  in  their  homeland— W.  C.  Bray,  Colin 
G.  Fink,  Arthur  B.  Lamb,  and  S.  C.  Lind.  Hibbert  valued  and  main- 
tained their  friendship,  and  in  later  years  he  was  to  have  the  honor 
of  presenting  the  Perkin  Medal  of  the  American  Section  of  the  So- 
ciety of  Chemical  Industry  to  Colin  G.  Fink,  distinguished  for  his 
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researches  in  the  electroplating  of  chromium.  While  in  Germany, 
Hibbert  learned  to  speak  the  German  language  with  an  idiomatic 
ease  that  remained  with  him  throughout  his  life.  Memories  of  this 
period  must  have  been  vivid  to  him  during  the  celebrated  "Gemiit- 
licher  Abend"  of  the  1938  Milwaukee  Meeting  of  the  American 
Chemical  Society.  Here  we  find  him  surrounded  by  his  own  students, 
singing  heartily  the  German  songs  of  his  student  days. 

Following  the  Leipzig  period,  Hibbert  accepted  a  postdoctroal 
appointment  in  the  United  States  with  Arthur  Michael  at  Tufts  Col- 
lege of  Boston,  Massachusetts,  and  remained  there  for  two  years,  1906 
to  1908.  The  vigorous  personality  of  Michael  made  a  powerful  im- 
pression upon  him  and  greatly  influenced  the  subsequent  course  of 
his  career.  Hibbert  worked  with  Michael  on  keto-enol  tautomerism 
and  studied  especially  the  role  of  the  solvent  in  this  equilibrium.  It 
is  of  interest  to  note  that  the  discussion  of  their  published  work  oc- 
cupies a  full  page  in  the  monograph  of  F.  Henrich,  Theories  of 
Organic  Chemistry,  published  in  1921. 

Hibbert  returned  to  England  in  1908  and  researched  for  a  little 
over  a  year  at  the  Imperial  College  of  Science  in  London,  under  a 
Chemical  Society  grant  and  in  association  with  Sir  William  Tilden. 
Here  he  completed  work  begun  previously  at  Aberystwyth  and  con- 
cerned with  some  quantitative  applications  of  the  Grignard  reaction 
now  known  at  the  TschugaefE-Zerewitinoff  method.  The  usefulness 
of  a  high-boiling  ether  in  this  reaction  had  been  demonstrated  by 
Sudborough  and  Hibbert  in  1904,  and  they  were  the  first  to  employ 
the  procedure  in  a  quantitative  fashion.  Hibbert  presented  some  of 
this  work  at  the  February  18,  1909,  meeting  of  the  Chemical  Society 
in  London,  and  introduced  the  term  "affinergy"  as  a  substitute  for 
Michael's  "chemical  potential,"  a  proposal  vigorously  criticized  by 
Arthur  Lapworth  and  Sir  William  Ramsay  in  the  subsequent  dis- 
cussion. 

The  English  degree  of  D.  Sc.  corresponds  to  the  Dr.  Habil.  (Dok- 
tor  Habilitation)  of  the  German  universities,  and  the  D.  Sc.  degree 
was  conferred  upon  Hibbert  in  1912  by  the  Victoria  University  of 
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Manchester.  Disappointed  in  his  efforts  to  obtain  an  academic  ap- 
pointment in  Great  Britain,  Harold  Hibbert  returned  to  the  United 
States  and  entered  the  chemical  industry  of  this  country.  During  the 
period  from  1910  to  1914  he  was  a  research  chemist  at  the  Experi- 
mental Station  of  the  E.  L  du  Pont  de  Nemours  Powder  Co.  at  Wil- 
mington, Delaware.  At  the  time  this  great  company  was  essentially  a 
manufacturer  of  explosives  and  Hibbert  published  important  work 
on  the  practical  and  theoretical  significance  of  the  dimorphism  of 
glycerol  trinitrate  (nitroglycerin). 

In  1914,  after  the  outbreak  of  war  in  Europe,  Hibbert  became  a 
Fellow  of  the  Mellon  Institute  for  Industrial  Research  at  Pittsburgh, 
Pennsylvania.  He  worked  on  the  synthesis  of  glycols  and  on  new 
methods  for  the  synthesis  of  acetaldehyde  and  acetic  acid  from 
acetylene.  He  published  his  famous  procedure  for  dehydrating  alco- 
hols with  a  trace  of  iodine  and  presented  a  rational  explanation  for 
it.  In  association  with  Benjamin  T.  Brooks,  he  published  a  method 
for  the  synthesis  of  a  "fusel  oil"  from  petroleum.  The  large  outlet  for 
ethylene  glycol  as  an  antifreeze  material  in  automobile  cooling  sys- 
tems received  its  start  in  1917,  when  Hibbert  obtained  United  States 
Patent  1,213,368  relating  to  the  use  of  ethylene  glycol  for  lowering 
the  freezing  point  of  water  in  automobile  cooling  systems;  he  dem- 
onstrated the  suitability  of  ethylene  glycol  dinitrate  as  a  liquid  ex- 
plosive. In  1916  Hibbert  left  the  Mellon  Institute  to  enter  private 
consulting  work  in  Toronto  and  later  in  New  York  City.  He  was 
Chemical  Adviser  (on  gas  warfare)  to  the  British  War  Mission  in 
Washington,  D.  C.,  during  1917  and  1918.  He  served  as  Director  of 
the  Research  and  Technical  Division  of  Ralph  L.  Fuller  and  Co., 
New  York,  N.  Y.,  a  company  organized  for  the  manufacture  of  such 
wartime-needed  pharmaceuticals  as  salicylic  acid  and  phenacetin. 
During  this  period  he  published  a  number  of  articles  on  general  in- 
dustrial chemistry,  including  a  significantly  prophetic  one  on  the 
need  for  more  attention  to  the  aliphatics  on  the  part  of  the  organic 
chemical  industry. 

In  1917  he  had  married  Beulah  Virginia  Cole,  then  a  teacher  of 
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physiography  in  the  Julia  Richman  High  School  of  New  York  City, 
and  much  of  his  success  was  due  to  her  guidance  and  inspiration. 
By  the  end  of  the  First  World  War,  and  at  the  age  of  forty-two,  he 
had  the  courage  to  change  abruptly  his  plan  of  life.  He  abandoned 
the  more  lucrative  career  of  an  industrial  chemist  and  in  1919  ac- 
cepted an  appointment  as  Assistant  Professor  of  Chemistry  at  Yale 
University.  Here  he  initiated  his  series  of  publications  entitled 
"Studies  on  Reactions  Relating  to  Carbohydrates  and  Polysac- 
charides."  Utilizing  the  finding  of  Denham  and  Woodhouse  that 
methylated  cellulose  yields  2,3,6-tri-O-methyl-D-glucose  on  hydrolysis, 
Hibbert  proposed  the  following  formula  for  the  cellulose  monomer. 


CHOH CHOH 

In  accord  with  the  viewpoint  of  the  time,  the  polymerization  could 
occur  by  association  through  secondary  valence  forces,  but  Hibbert 
discussed,  and  did  not  exclude,  the  possibility  that  the  monomers 
might  form  a  main  valence  polymer  by  an  opening  of  the  i,5~oxygen 
bridges  as  shown, 

CH2OH 

CH 


CHOH CHOH— CH ...  .3; 


x  and  y  being  similar  monomers. 

He  next  attempted  to  synthesize  analogs  of  the  monomeric  unit 
of  the  above  structure  from  simple  substances.  While  he  and  his 
students  were  unsuccessful  in  this  endeavor,  they  did  unearth  a  very 
considerable  body  of  information  concerning  the  formation  and  re- 
activity of  cyclic  acetals.  It  was  found  that  5-hexanone-i,2-diol 
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polymerized  in  the  presence  of  a  trace  of  acid,  and  this  change  was 
considered  analogous  to  the  suggested  transformation  of  D-glucose 
into  cellulose.  Chloral  was  shown  to  combine  readily  with  simple 
aliphatic  aldehydes  to  form  polymers  of  the  general  type  (2RCHO 
•+C13CCHO)X.  Treatment  of  i,3-0-(2-bromoethylidene)-glycerol 
benzoate  with  alkali  yielded  the  crystalline  bicyclic  acetal  I. 

CR 
H2C-0  -  1  /\     \ 

I)  CX       O        CH2 

C6H5—  CO—  O—  CH        HC—  CH2BR  KOH  |          |  | 

|  I  -  *        CHo    CH2    O 

H2C_0  -  1  \  |     / 

XCH 

I 

The  reaction  between  glycerol  and  benzaldehyde  was  shown  to  re- 
sult in  a  partition  between  five-  and  six-membered  cyclic  acetals,  thus 
eliminating  the  necessity  of  vicinal  hydroxyl  groups  for  condensation. 
In  the  case  of  the  corresponding  six-membered  ^-nitrobenzylidene 
acetals,  an  equilibrium  ratio  of  0.4:1,  favoring  the  five-membered 
isomer,  was  obtained  under  defined  acidic  conditions.  In  alkaline 
media,  on  the  other  hand,  no  tendency  toward  ring  shift  was  ob- 
served, thus  indicating  the  reliable  nature  of  the  methylation  process 
employed  in  the  proof  of  sugar  glycosidic  ring  structures.  1,3  (and 
i,2)-0-(^-Nitrobenzylidene)-glycerol  2(and  3)-benzoate  were  each 
obtained  in  the  two  isomeric  forms  predictable  on  stereochemical 
grounds. 

CH2  -  Ov 

H 


X  \  /  XC6H4N02 

CH2  -  O 


v 

X 

C6H5-CO-0X  \ 

CH2  -  O 


CH2  -  O 

\   /C6H4N02 
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The  reaction  of  acetone  with  the  polyhydroxy  compounds  em- 
ployed by  Hibbert  and  his  associates  always  resulted  in  the  exclusive 
formation  of  the  five-membered  cyclic  acetal.  The  course  of  all  these 
condensations  was  shown  to  be  stepwise,  with  the  intermediate 
product  being  isolated  in  several  cases. 


H 
R— C  = 


HOCHo 

HOCH; 
R' 


O CHa 


R--CH 


— HOH 


The  ease  with  which  the  initial  reaction  took  place  was  a  function  of 
the  polar  character  of  the  carbonyl  group,  increasing  with  halogen 
substitution  in  the  R-group.  The  ease  of  ring  formation,  on  the  other 
hand,  was  found  to  follow  the  reverse  order,  as  did  the  ratio  of  the 
six-  to  the  five-membered  cyclic  acetals. 

Significant  work  was  carried  out  on  the  nature  of  acyl  group 
migration.  Following  a  suggestion  of  Emil  Fischer,  Hibbert  con- 
sidered that  the  orthoester  or  dioxolane  ring  structure  was  the  in- 
termediate. 
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HCOH 

O 

II      ' 
HCO—C—R 


HCO  OH 
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HCO  R 
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He  showed  that  in  glycerol  esters  the  migration  was  toward  the 
primary  hydroxyl  group.  He  stated,  "The  tendency  and  ease  of  ring 
formation  will  be  dependent  on:  (a)  the  relatively  labile  character 
of  the  hydrogen  attached  to  the  hydroxyl  group,  (b)  the  negative 
polarity  of  the  carbonyl  group  in  the  acyl  radical,  and  (c)  the  spatial 
relationship  of  the  migratory  hydrogen  atom  with  reference  to  the 
carbonyl  group."  His  prediction  that  the  orthoester  structure  would 
be  stabilized  by  the  trichloroacetyl  radical  was  verified  by  the  finding 
that  the  trichloroacetate  of  ethylene  glycol  existed  only  in  the  cyclic 
form;  when  this  substance  was  heated,  it  decomposed  into  chloro- 
form and  the  carbonate. 


H2C — (X        .CC18  H2C — O 

|  ^C^  >        I 

H2c — cr    XOH  H2c — cr 


On  the  other  hand,  the  methyl  ethers  showed  no  tendency  to  mi- 
grate and  the  reaction  RCl  ->  ROMe  was  effected  without  migra- 
tion. These  early  studies  on  "neighboring  group  effects"  are  out- 
standing contributions  to  the  science  of  organic  chemistry  and  to 
the  specific  interpretation  of  carbohydrate  reactions. 

Harold  Hibbert  was  the  impelling  force  in  the  founding,  in  1920, 
of  the  Division  of  Cellulose  Chemistry  of  the  American  Chemical 
Society;  his  associates  in  this  effort  were  G.  J.  Esselen,  Jr.,  H.  LeB. 
Gray,  L.  F.  Hawley,  Bjarne  Johnsen,  and  L.  E.  Wise.  Hibbert  served 
as  Chairman  of  the  Division  from  1920  to  1922.  One  of  its  first  ac- 
tivities was  the  establishment  of  procedures  to  define  a  Standard 
Cellulose  preparation.  Hibbert  was  always  to  be  found  in  attendance 
at  the  meetings  of  the  Cellulose  Division,  where  he  acted  as  a  vigor- 
ous and  stimulating  leader  of  the  discussions.  Later  he  was  joined  in 
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this  endeavor  by  Emil  Heuser.  The  meetings  of  the  Cellulose  Divi- 
sion were  never  dull  in  those  times. 

In  1925  Hibbert  left  Yale  University  to  become  the  E.  B.  Eddy 
Professor  of  Industrial  and  Cellulose  Chemistry  at  McGill  Univer- 
sity, Montreal,  Quebec,  Canada,  and  he  remained  there  for  eighteen 
years  until  his  official  retirement  in  1943.  He  had  become  a  citizen 
of  the  United  States  in  1923  and  he  maintained  this  status  during 
the  remainder  of  his  life,  even  though  most  of  it  was  spent  in 
Canada.  McGill  University,  where  the  Pulp  and  Paper  Research  In- 
stitute of  Canada  had  just  been  completed,  offered  an  unparalleled 
opportunity  for  research,  which  he  embraced  with  great  vigor.  Hib- 
bert possessed  an  abundance  of  energy  and  an  enormous  capacity  for 
work.  He  contributed  greatly  to  the  establishment  of  graduate 
scientific  study  in  the  universities  of  Canada  both  by  his  own  efforts 
and  by  those  of  the  men  he  trained.  He  was  an  inspiring  taskmaster 
to  the  more  than  one  hundred  predoctoral  and  postdoctoral  students 
who  came  to  him  from  all  parts  of  the  Dominion  and  from  other 
countries.  He  taught  them  to  work  hard  and  to  like  it.  His  enthu- 
siasm and  vision  gave  life  and  meaning  to  many  an  otherwise  tedious 
investigation.  His  own  valuable  library  was  always  available  to 
them;  he  planned  with  them  for  their  future;  he  never  rested  until 
he  had  found  a  place  in  industry,  a  grant — often  out  of  his  own 
pocket — or  a  teaching  position  for  each  of  "his  boys"  (and  several 
"girls").  Mrs.  Hibbert  felt  an  equal  concern  for  the  welfare  of  the 
students. 

After  Wallace  H.  Carothers  and  Hermann  Staudinger  had  estab- 
lished the  nature  of  polymers  on  the  firm  basis  of  primary  valence 
concepts,  Hibbert  and  his  associates  made  a  definite  contribution  by 
synthesizing  a  series  of  individual  linear  polymers  of  known  chain- 
length  and  studying  their  properties  as  a  function  of  this  linear 
size.  The  fundamental  reaction  employed  is  illustrated  below. 
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CH2ONa  CICH2 


2  + 

CH2OH  CH2C1 


CH2      CH2  O  CH2OH 

HOCH2      ^O      ^CH2       CH2 


By  this  method  there  was  prepared  the  series  members  with  degrees 
of  polymerization  of  4,  6,  8,  12,  18,  42,  90,  and  186  units. 

He  studied  the  preparation  and  properties  of  the  polymeric  "humic 
acid"  formed  by  the  action  of  mineral  acids  on  hexoses.  The  product 
for  a  time  found  use  as  an  extender  in  lead  storage  batteries. 

Hibbert  was  intrigued  by  the  polysaccharides  elaborated  by  the 
slime-producing  bacteria,  and  he  and  his  associates  carried  out 
pioneer  studies  on  their  chemical  nature.  The  membrane  grown  by 
Acetobacter  xylinum  was  shown  to  be  cellulosic,  and  at  the  same 
time  the  general  chemical  identity  of  wood  cellulose  and  cotton 
cellulose  was  demonstrated.  Pioneer  investigations  were  carried  out 
on  the  nature  of  the  glucan  produced  by  various  strains  of  Leu- 
conostoc  mesenter  aides.  The  main  linkage  present  was  shown  to  be 
OC-D-(I  —  •  >  6).  These  investigations  were  later  considerably  elaborated 
in  other  laboratories  when  this  material  became  of  interest  as  a  blood 
extender.  The  bacterial  fructans  known  as  the  levans  were  shown  to 
be  isomeric  with  inulin  in  that  the  linkage  present  between  the 
D-fructofuranose  units  was  (2  —  >*  6)  instead  of  the  (2  —  >  i)  of  inulin. 
Considerable  attention  was  given  to  the  nature  of  the  carbohydrates 
utilizable  by  the  organisms  concerned. 

Wood  chemistry  was  naturally  a  major  concern  of  the  Pulp  and 
Paper  Research  Institute  of  Canada,  and  Hibbert  studied,  with  his 
associates,  the  action  of  alkali  on  cellulose  and  the  complex  reac- 
tions concerned  in  the  oxidation  of  cellulose.  An  intensive  study  was 
made  of  the  pulp  bleaching  process  and  of  the  manufacture  of  vanil- 
lin from  pulping  waste  liquors.  Professor  Hibbert,  however,  placed 
his  main  emphasis  upon  lignin,  publishing  eighty-seven  papers  in 
the  series  entitled  "Studies  on  Lignin."  The  Hibbert  laboratory  ex- 
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amined  the  action  of  alkalies  on  lignin  sulfonic  acids  and  showed 
that  the  soft  woods  (such  as  spruce)  were  characterized  by  the  lignin 
alkaline  degradation  products,  I,  II,  and  III  and  the  hard  woods 
(such  as  maple)  by  the  analogous  products  IV,  V,  and  VI. 
CH30  CH30  CH30 


HO 


HO 


CHO 


HO 


CO— CH3 
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III 
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Pyrogallol  1,3- 
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V 
Syringaldehyde 

VI 

Acetosyringone 

They  also  investigated  the  water-soluble  fraction  obtained  in  the  ex- 
traction of  lignins  (such  as  maple  ethanol  lignin)  from  wood  meal 
(previously  extracted  to  remove  fats,  waxes,  resins,  and  tannins)  by 
the  action  of  alcohols  in  the  presence  of  acids.  They  identified  the 
products  VII  to  X. 
CH30 
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Substances  VIII  and  X  were  considered  to  be  ethyl  ethers  formed  in 
the  ethanolysis  reaction  from  the  hydroxyl  compounds  originally 
present;  VIII  and  X  are  derivatives  of  the  class  of  compounds  known 
as  benzoins  which  are  characterized  by  their  ease  of  polymerization. 
The  products  VII  to  X  establish  the  C6— C— C— C  building  units  of 
lignin  and  have  come  to  be  known  as  the  Hibbert  Bausteine  (build- 
ing stones) .  How  they  are  combined  in  the  complex  lignin  polymer 
is  as  yet  unsettled. 

Harold  Hibbert  survived  his  retirement  by  only  two  years,  and 
died  of  cancer  of  the  pancreas  in  a  Philadelphia  hospital  on  May  13, 
1945,  after  a  lingering  illness.  His  personal  library,  comprising  some 
1,500  volumes,  has  been  kept  intact  and  as  the  Hibbert  Library  is 
housed  in  the  research  laboratory  of  the  Crown  Zellerbach  Corpora- 
tion of  Camas,  Washington.  He  is  survived  by  his  widow,  currently 
resident  in  New  Haven,  Connecticut.  They  had  no  children.  He  is 
memorialized  at  McGill  University  by  the  Harold  Hibbert  Me- 
morial Fellowship,  established  by  his  younger  brother  Ernest  (1879- 
1948)  with  an  endowment  of  $100,000.  This  brother,  a  British-trained 
mining  engineer,  had  been  concerned  with  the  technical  develop- 
ment of  the  great  Noranda  gold  and  copper  strike  in  the  wilds  of 
northwestern  Quebec.  The  youngest  brother  Arthur  (1883-1947) 
was  likewise  a  mining  engineer  of  high  repute,  who  distinguished 
himself  in  the  British  Corps  of  Engineers  in  the  First  World  War. 
The  eldest  brother  Frank  (1875 — )  *s  st^  engaged  in  manufacture 
in  London.  Harold  is  further  memorialized  by  the  two  "Harold 
Hibbert  Memorial  Prizes"  awarded  annually  in  the  Chemistry  De- 
partment of  the  University  of  Manchester  for  the  two  best  theses  pre- 
sented during  the  previous  year. 

Harold  Hibbert  was  the  recipient  of  the  LL.  D.  degree  honoris 
causa  from  the  University  of  British  Columbia  in  1936;  he  became 
an  Honorary  Member  of  the  Society  of  Chemical  Industry  (London) 
in  1943  and  was  elected  to  the  National  Academy  of  Sciences 
(U.  S.  A.)  in  1945.  He  was  a  Fellow  of  the  Royal  Society  of  Canada. 
He  served  on  the  editorial  board  of  Cellulosechemie.  In  addition, 
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he  was  a  member  or  fellow  of  the  following  societies:  American  As- 
sociation for  the  Advancement  of  Science;  American  Chemical  So- 
ciety (Chairman,  New  Haven  Section,  1920,  and  Division  of  Cellu- 
lose Chemistry,  1920-1922);  American  Pulp  and  Paper  Association; 
Canadian  Chemical  Association;  Canadian  Pulp  and  Paper  Associa- 
tion; Deutsche  chemische  Gesellschaft;  Royal  Institute  of  Chemistry 
(London);  Sigma  Xi;  Society  of  Chemical  Industry  (Chairman, 
Montreal  Section,  1930);  Technical  Association  of  the  Pulp  and 
Paper  Industry;  and  Textile  Institute  (England). 

Hibbert's  was  a  colorful  and  vivid  personality.  He  was  a  tall  and 
strikingly  handsome  man.  He  was  high-spirited,  always  optimistic, 
and  a  hard  worker.  His  skill  in  debate  and  critique  will  ever  be 
remembered  by  those  who  attended  with  him  the  meetings  of  the 
American  Chemical  Society.  He  was  a  true  scholar  and  had  read 
widely  in  many  fields  for  pleasure,  profit,  and  relaxation.  His  ex- 
cellent background  in  English  literature  enabled  him  to  write  and 
to  speak  with"  clarity  and  forcefulness.  He  loved  to  recite  from  mem- 
ory the  verses  of  the  great  English  poets.  He  was  the  possessor  of  a 
fine  baritone  voice  and  enjoyed  singing  airs  from  The  Messiah  or 
the  rollicking  songs  of  old  England.  He  loved  the  great  outdoors 
and,  with  Mrs.  Hibbert,  was  an  enthusiastic  watcher  of  bird  life.  A 
vivid  personality  is  gone,  but  his  scientific  attainments  will  long  sur- 
vive in  his  publications  and  in  the  students  he  so  markedly  inspired. 

For  valued  assistance  in  preparing  this  memoir  I  am  indebted  to 
many  of  the  former  associates  of  Professor  Hibbert,  and  especially  to 
Mrs.  Harold  Hibbert,  Dr.  E.  V.  White,  Professor  C.  B.  Purves,  and 
Mr.  J.  D.  Crum. 
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1  The  general  title  of  this  series  of  studies  will  be  represented  henceforth  by  the 
short  title,  "Studies  on  Carbohydrates." 
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2  The  general  title  of  this  series  of  studies  will  be  represented  henceforth  by  the 
short  title,  "Studies  on  Lignin." 


l66  BIOGRAPHICAL    MEMOIRS 

With  L.  Marion.  Studies  on  Lignin.  IV.  The  Nitration  of  Glycol-lignin. 

Can.  J.  Research,  3:130-39. 
With  E.  G.  V.  Percival  and  A.  C.  Cuthbertson.  Studies  on  Carbohydrates. 

XXIX.  The  Constitution  of  Alkali  Cellulose.  J.  Am.  Chem.  Soc.,  52: 

3257-69. 
With  E.  G.  V.  Percival  and  A.  C.  Cuthbertson.  Studies  on  Carbohydrates. 

XXXI.  The  Behavior  of  Cellulose  toward  Solutions  of  Aluminum  Salts. 

J.  Am.  Chem.  Soc.,  52:3448-56. 
With  E.  G.  V.  Percival.  Studies  on  Carbohydrates.  XXX.  The  Compara- 

tive Hydrolysis  of  Some  Disaccharides  and  Polysaccharides.  J.  Am. 

Chem.  Soc.,  52:3995-4005. 
With  C.  G.  Anderson.  The  Constitution  of  Sedosan  (Anhydro-sedohep- 

tose).  Can.  J.  Research,  3:306-17. 
With  F.  C.  Harrison  and  H.  L.  A.  Tarr.  Studies  on  Carbohydrates. 

XXXIII.  The  Synthesis  of  Polysaccharides  by  Bacteria  and  Enzymes. 

Can.  J.  Research,  3:449-63. 


Extending  Knowledge  of  Cellulose  and  Lignin.  Pulp  Paper  Mag.  Can., 

31  :326-27. 
With  J.  B.  Phillips.  The  Nature  of  the  Resins  in  Jack  Pine  (Pinus  ban{s- 

iana).  Can.  J.  Research,  4:1-34. 
With  C.  A.  Sankey.  Studies  on  Lignin.  V.  Action  of  Halogens  on  Lignin 

and  Wood.  Can.  J.  Research,  4:110-18. 
With  O.  Maass  and  K.  A.  Taylor.  Studies  on  Lignin.  VI.  The  Mechanism 

of  Aqueous  Halogenation.  Can.  J.  Research,  4:119-33. 
With  R.  S.  Tipson  and  F.  Brauns.  Studies  on  Carbohydrates.  XXXIV. 

The  Constitution  of  Levan  and  Its  Relation  to  Inulin.  Can.  J.  Research, 

4:221-39. 
With  K.  A.  Taylor.  Studies  on  Lignin.  VII.  A  Kinetic  Study  of  the  Action 

of  Hypochlorous  Acid  on  Spruce  Lignin  and  Its  Bearing  on  the  Consti- 

tution of  the  Spruce  Lignin  Molecule.  Can.  J.  Research,  4:240-53. 
With  Margaret  E.  Greig.  Mechanism  of  Organic  Reactions.  III.  The 

Nature  of  the  Mechanism  of  Migration  of  the  Acyl  Radical.  Can.  J. 

Research,  4:254-63. 
With  H.  L.  A.  Tarr.  Studies  on  Carbohydrates.  XXXV.  Polysaccharide 

Synthesis  by  the  Action  of  Acetobacter  xylinus  on  Carbohydrates  and 

Related  Compounds.  Can.  J.  Research,  4:372-88. 
The  Structure  of  Glucose.  Science,  73:500-1. 


HAROLD    HIBBERT  167 

With  F.  Brauns.  Studies  on  Carbohydrates.  XXXVI.  Structure  of  the 
Levan  Synthesized  by  the  Action  of  Bacillus  subtilis  on  Sucrose.  Can. 
J.  Research,  4:596-604. 

With  C.  A.  Sankey.  Studies  on  Lignin.  VIII.  A  Kinetic  Study  of  the 
Action  of  Sulphurous  Acid  on  Lignin  and  Related  Compounds.  Can. 
}.  Research,  5  '.1-47. 

With  L.  Marion.  Studies  on  Lignin.  IX.  Ethers  of  Glycol-lignin.  Can.  J. 
Research,  5:302-5. 

With  H.  L.  A.  Tarr.  Studies  on  Carbohydrates.  XXXVII.  The  Forma- 
tion of  Dextran  by  Leuconostoc  mesenterioides.  Can.  J.  Research,  5: 
414-27. 

With  J.  Barsha.  Synthetic  Cellulose  and  Textile  Fibers  from  Glucose. 
J.  Am.  Chem.  Soc.,  53  3907. 

With  E.  Hallonquist.  Studies  on  Carbohydrates.  XXXVIII.  Preparation, 
Separation  and  Identification  of  the  Isomeric  Bromoethylidene  Glyc- 
erols.  Can.  J.  Research,  5:428-35. 

With  J.  Barsha.  Studies  on  Carbohydrates.  XXXIX.  Structure  of  the  Cel- 
lulose Synthesized  by  the  Action  of  Acetobacter  xylinus  on  Glucose. 
Can.  J.  Research,  5:580-91. 

1932 

Zur  Frage  der  Untersuchungen  iiber  Rmg-Ketten-tautomerie  bei  partiell 
acetylierten  mehrwertigen  Alcoholen  (On  the  Question  of  the  Investi- 
gations on  Ring-chain  Tautomerism  in  Partially  Acetylated  Polyhydric 
Alcohols).  Ber.,  656:199-200. 

With  J.  S.  Allen.  Studies  on  Carbohydrates.  XL.  Die  Grosse  des  Winkels 
zwischen  den  zwei  Valenzbindungen  des  Sauerstoffatoms  in  orga- 
nischen  Verbindungen  und  die  Struktur  der  Glucose  (The  Size  of  the 
Angle  Between  the  Two  Valence  Bonds  of  the  Oxygen  Atom  in  Or- 
ganic Compounds  and  the  Structure  of  Glucose).  Ber.,  656:1362-71. 

With  W.  Mitchell.  Studies  on  Carbohydrates,  XLI.  Structure  of  Raffinose 
Levan.  Can.  J.  Research,  7:345-48. 

With  J.  S.  Allen.  The  Oxygen  Valence  Angle  and  the  Structure  of  Glu- 
cose and  Related  Compounds.  J.  Am.  Chem.  Soc.,  54:4115-16. 

With  R.  H.  Ball.  Studies  on  Carbohydrates.  XLII.  The  Synthesis  of  Cel- 
lulose 0-Chlorobenzyl  Ethers  and  Mechanism  of  Their  Formation.  Can. 
J.  Research,  7:481-98. 

With  Muriel  E.  Platt.  Studies  on  Carbohydrates.  XLIIL  Cyclic  Acetal  and 
Ketal  Formation  from  a-Phenyl  Glycerol  as  Further  Examples  of  the 
"Ring  Partition  Principle."  Can.  J.  Research,  7:629-42. 


l68  BIOGRAPHICAL    MEMOIRS 

*933 

The  Chemistry  of  Cellulose  and  Wood.  Pulp  Paper  Can.,  34:100-2. 
With  L.  P.  Moore.  The  Action  of  Sulphurous  Acid  on  Cellulose.  Pulp 

Paper  Can.,  34:103-7. 

With  F.  Brauns.  Structure  of  Lignin.  Pulp  Paper  Can.,  34:187-88. 
With  S.  Z.  Perry.  The  Nature  of  the  Mechanism  of  Polymerization.  Can. 

J.  Research,  8:102. 
The  Plant  Synthesis  of  Carbohydrates  and  Polysaccharides.  Can.  }.  Re- 

search, 8:103-4. 
With  E.  G.  Hallonquist.  Studies  on  Carbohydrates.  XLIV.  Synthesis  of 

Isomeric  Bicyclic  Acetal  Ethers.  Can,  J.  Research,  8:129-36. 
With  E.  C.  Jahn.  Studies  on  Carbohydrates.  XLV.  The  Polymerization, 

under  the  Influence  of  Heat,  of  Certain  Compounds  Containing  the 

Ethylene  Oxide  Ring.  Can.  J.  Research,  8:199-209. 
With  F.  Brauns.  Studies  on  Lignin.  X.  The  Identity  and  Structure  of 

Spruce  Lignins  Prepared  by  Different  Methods.  J.  Am.  Chem.  Soc., 

55:4720-27. 

J934 
Progress  of  the  Division  of  Industrial  and  Cellulose  Chemistry  of  McGill 

University.  Pulp  Paper  Can.,  35:163-66. 
With  J.  Barsha.  Studies  on  Carbohydrates.  XLVI.  Structure  of  the  Cel- 

lulose Synthesized  by  the  Action  of  Acetobacter  xylinus  on  Fructose  and 

Glycerol.  Can.  J.  Research,  10:170-79. 
With  R.  F.  Suit.  A  Starchless  Potato  Induced  by  the  Introduction  of 

Foreign  Enzymes.  Science,  79:78-79. 
Perkin   Medal    Award    to    Colin    G.   Fink.  —  Accomplishments    of    the 

Medalist.  Ind.  Eng.  Chem.,  26:232-34. 
With  J.  Barsha.  The  Assumed  Non-Identity  of  Cotton  and  Wood  Cel- 

lulose. J.  Am.  Chem.  Soc.,  56:748, 
With  J.  S.  Allen.  Studies  on  Carbohydrates.  XLVII.  The  Oxygen  Valence 

Angle  and  the  Structure  of  Glucose  and  Related  Compounds.  J.  Am. 

Chem.  Soc.,  56:1398-1403. 


With  M.  Plunguian.  Studies  on  Lignin.  XI.  The  Nature  of  Lignite 
Humic  Acid  and  of  the  So-called  "Humic  Acid"  From  Sucrose.  J.  Am. 
Chem.  Soc.,  57:528-36. 

With  F.  Brauns.  Studies  on  Lignin.  XII.  Methanol  Lignin.  Can.  J.  Re- 
search, 136:28-34. 


HAROLD    HIBBERT  169 

With  K.  R.  Gray,  E.  G.  King  and  F.  Brauns.  Studies  on  Lignin.  XIII. 
The  Structure  and  Properties  of  Glycol  Lignin.  Can.  J.  Research,  136 : 

35-47- 

With  K.  R.  Gray  and  F.  Brauns.  Studies  on  Lignin.  XIV.  The  Action  of 
Lead  Tetra-acetate  and  of  Mercuric  Acetate  on  Glycol  Lignin  Deriva- 
tives. Can.  J.  Research,  136:48-54. 

With  F.  Brauns.  Studies  on  Lignin.  XV.  Phenol  Glycol  Lignin.  Can.  J. 
Research,  136:55-60. 

With  Irene  K.  Buckland  and  F.  Brauns.  Studies  on  Lignin.  XVI.  Phenol 
Lignin  from  Spruce  Wood,  from  Freudenberg  Spruce  Lignin  and  Will- 
statter  Spruce  Lignin.  Can.  J.  Research,  138 :6i-jj. 

With  F.  Brauns.  Studies  on  Lignin.  XVII.  Methylation  of  Willstatter  and 
Freudenberg  Lignins.  Can.  J.  Research,  136:78-87. 

With  E.  G.  King  and  F.  Brauns.  Studies  on  Lignin.  XVIII.  Lignin  Sul- 
fonic  Acid — A  Preliminary  Investigation  on  Its  Isolation  and  Struc- 
ture. Can.  J.  Research,  136:88-102. 

With  H.  6.  Marshall  and  F.  Brauns.  Studies  on  Lignin.  XIX.  Alkali 
Lignin.  Can.  J.  Research,  136:103-13. 

1936 

With  E.  G.  King.  Studies  on  Lignin.  XX.  Methanol  Lignin  and  Its  Re- 
lation to  the  So-called  "Primary  Lignin"  of  Friedrich  and  Diwald. 
Can.  J.  Research,  146:12-19. 

With  H.  W.  MacKinney.  Studies  on  Lignin.  XXI.  Insoluble  Methanol 
Lignin.  Can.  J.  Research,  146 :55~64. 

With  J.  Compton  and  Margaret  Greig.  Studies  on  Lignin.  XXII.  Fraction- 
ation  of  Methanol  Lignin.  Can.  J.  Research,  146:115-19. 

With  G.  H.  Tomlinson,  2nd.  Studies  on  Lignin.  XXIII.  The  Prepara- 
tion and  Methylation  of  Spruce  Lignin  Sulfonic  Acids.  J.  Am.  Chem. 
Soc.,  58:340-45. 

With  G.  H.  Tomlinson,  2nd.  Studies  on  Lignin.  XXIV.  The  Formation 
of  Vanillin  from  Waste  Sulfite  Liquor.  },  Am.  Chem.  Soc..,  58 :345~48. 

With  G.  H.  Tomlinson,  2nd.  Studies  on  Lignin.  XXV.  Mechanism  of 
Vanillin  Formation  from  Spruce  Lignin  Sulfonic  Acids  in  Relation  to 
Lignin  Structure.  J.  Am.  Chem.  Soc.,  58:348-53. 

With  A.  F.  Gallaugher.  Studies  on  Carbohydrates.  XLIX.  Molecular 
Weight,  Molar  Refraction,  Freezing  Point  and  Other  Properties  of  the 
Polyethylene  Glycols  and  Their  Derivatives.  J.  Am.  Chem.  Soc.,  58: 
813-16. 


170  BIOGRAPHICAL    MEMOIRS 

With  E.  M.  Bilger.  Mechanism  of  Organic  Reactions.  IV.  Pyrolysis  of 
Esters  and  Acetals.  J.  Am.  Chern.  Soc.,  58:823-26. 

With  S.  Z.  Perry.  Studies  on  Carbohydrates.  XLVIII.  Ethylene  Oxide  and 
Related  Compounds:  Syntheses  of  the  Polyethylene  Glycols.  Can.  J. 
Research,  146:77-83. 

With  J.  Barsha.  Studies  on  Carbohydrates.  L.  The  Chemical  Identity  of 
Cotton  and  Wood  Cellulose.  J.  Am.  Chem.  Soc.3  58:1006-7. 

With  R.  G.  D.  Moore.  Studies  on  Lignin.  XXVIII.  The  Behavior  of 
Lignin  towards  Activated  Hydrogen.  Can.  J.  Research,  146:404-7. 

With  S.  M.  Trister.  Studies  on  Carbohydrates.  LIL  The  Preparation,  Sep- 
aration and  Identification  of  the  Isomeric  Propylidene,  Isobutylidene, 
£-Amylidene  and  Dibromoethylidene  Glycerols  and  the  General  Prop- 
erties of  Glycerol  Cyclic  Acetals.  Can.  J.  Research,  146  ;4i5-26. 

J937 
With  G.  F.  Wright.  Studies  on  Lignin.  XXVI.  The  Properties  of  Spruce 

Lignin  Extracted  with  Formic  Acid.  J.  Am.  Chem.  Soc.,  59:125-30. 
With  J.  Compton.  Studies  on  Lignin.  XXVII.  Methylation  and  Structure 

of  Methanol  Lignin  (Spruce).  Can.  J.  Research,  156:38-45. 
With  Irene  K.  Buckland  and  G.  H.  Tomlinson,  2nd.  Occurrence  of  Ace- 

tovanillone  in  Waste  Sulfite  Liquor  from  Coniferous  Woods.  J.  Am. 

Chem.  Soc.,  59:597. 
With  A.  Bell,  W.  L.  Hawkins  and  G.  F.  Wright.  Occurrence  of  Acetone 

and  Syringic  Aldehyde  as  Degradation  Products  of  Lignin  Substances. 

J.  Am.  Chem.  Soc.,  59 :598. 
With  W.  H.  Steeves.  A  Water-soluble  Lignin  Sulfonic  Acid  from  an 

Extracted  Oak  Lignin.  J.  Am.  Chem.  Soc.,  59:1768. 
With  R.  G.  D  Moore  and  G.  F.  Wright.  Studies  on  Lignin.  XXIX.  A 

Study  of  the  Acidic  Hydroxyl  Groups  in  Spruce  Lignin.  Can.  J.  Re- 
search, 156:532-35. 
The  Nature  of  Plant  Incrustants.  Abstracts  of  Papers,  American  Chemical 

Society,  93:C5-C6, 
With  Frances  L.  Fowler,  Irene  K.  Buckland,  and  F.  Brauns.  Studies  on 

Carbohydrates.  LIII.  Structure  of  the  Dextran   Synthesized  by  the 

Action  of  Leuconostoc  mesenterioides  on  Sucrose.  Can.  J.  Research,  156 : 

48^-97. 
With  W.  L.  Hawkins  and  G.  F.  Wright.  Studies  on  Lignin.  XXXII.  The 

Guaiacyl  and  Syringyl  Groups  in  Various  Woods.  }.  Am.  Chem.  Soc., 

59:2447-48. 


HAROLD    HIBBERT  171 

With  A.  F.  Gallaugher.  Studies  on  Carbohydrates.  LIV.  The  Surface  Ten- 

sion Constants  of  the  Polyethylene  Glycols  and  Their  Derivatives.  }. 

Am.  Chem.  Soc.,  59:2514-21. 
With  A.  F.  Gallaugher.  Studies  on  Carbohydrates.  LV.  Vapor  Pressures 

of  the  Polyethylene  Glycols  and  Their  Derivatives.  J.  Am.  Chem.  Soc., 

59:2521-25. 


With  Irene  K.  Buckland  and  G.  H.  Tomlinson,  2nd.  Studies  on  Lignin. 

XXXIII.  Isolation  of  Acetovanillone  from  Waste  Sulfite  Pulp  Liquor. 

Can.  J.  Research,  166:54-56. 
With  F.  Leger.  The  Isolation  of  Guaiacol  from  Waste  Sulfite  Liquor. 

Can.  J.  Research,  i6B:68. 
With  F.  Leger.  The  Conversion  of  Furfuryl  Alcohol  to  Levulinic  Acid. 

Can.  J.  Research,  166:68-69. 

The  Structure  of  Lignin.  Can.  J.  Research,  166:69-71. 
With  E.  C.  Fairhead  and  M.  J.  Hunter.  The  Structure  of  Dextran  Syn- 

thesized by  Leuconostoc  dextranicus.  Can.  J.  Research,  168:151. 
With  F.  Leger.  The  Isolation  of  Guaiacol  and  Pyrogallol  i,3-Dimethyl 

Ether  from  Hardwood  Waste  Sulfite  Liquor.  Can.  J.  Research,  166:151. 
With  F.  Leger.  Studies  on  Lignin.  XXXIV.  Acetovanillone  and  Aceto- 

syringone  as  Degradation  Products  of  Lignin  Sulfonic  Acids.  }.  Am. 

Chem.  Soc.,  60:565-67. 
With  M.  J.  Hunter  and  G.  F.  Wright.  Studies  on  Lignin.  XXX.  Die 

durch   Sauren   hervorgerufene   Formaldehyd-Abspaltung   aus   Lignin 

(The  Formaldehyde  Formed  from  Lignin  by  Acids).  6er.,  718:734-45. 
With  A.  Bell,  A.  8.  Cramer  and  G.  F.  Wright.  Studies  on  Lignin.  XXXI. 

Die  aromatischen  und  nichtaromatischen  Teile  des  Lignins  (The  Aro- 

matic and  Non-aromatic  Components  of  Lignin).  Ber.,  716:746-55. 
With  A.  6.  Cramer  and  M.  J.  Hunter.  The  Structure  of  Lignin.  J.  Am. 

Chem.  Soc.,  60:2274. 
With  A.  8.  Cramer  and  M.  J.  Hunter.  The  Structure  of  Lignin,  J.  Am. 

Chem.  Soc.,  60:2813. 
With  M.  J.  Hunter  and  A.  8.  Cramer.  Structure  of  Lignin.  J.  Am.  Chem. 

Soc.,  60:2815-16. 

*939 
With  Q.  P.  Peniston.  The  Determination  of  Methoxyl  Groups  in  Pulp 

and  Plant  Materials.  Paper  Trade  J.,  109(17)  :  46-48. 
With  J.  C.  Pullman.  Thionyl  Bromide.  Inorganic  Syntheses,  1:113. 


172  BIOGRAPHICAL    MEMOIRS 

With  A.  B.  Cramer  and  M.  J.  Hunter.  Studies  on  Lignin.  XXXV.  The 

Ethanolysis  of  Spruce  Wood.  J.  Am.  Chem.  Soc.,  61. 509-1 6. 
With  M.  J.  Hunter  and  A.  B.  Cramer.  Studies  on  Lignin.  XXXVI.  The 

Ethanolysis  of  Maple  Wood.  J.  Am.  Chem.  Soc.,  61 :5i6-2o. 
With  L.  Brickman  and  J.  J.  Pyle.  The  Aldehydic  Constituents  from  the 

Ethanolysis  of  Spruce  and  Maple  Woods.  J.  Am.  Chem.  Soc.,  61 1523. 
With  Q.  P.  Peniston  and  J.  L.  McCarthy.  The  Reconversion  of  an  "Ex- 
tracted" Lignin  into  Its  Primary  Building  Units.  J.  Am.  Chem.  Soc., 

61 1530. 
Studies  on  Lignin.  XXXVII.  The  Structure  of  Lignin  and  the  Nature  of 

Plant  Synthesis.  J.  Am.  Chem.  Soc.,  61:725-31. 
With  M.  Lieff  and  G.  F.  Wright.  Studies  on  Lignin,  XXXVIII.  The 

Effect  of  Solvents  in  the  Grignard  Analysis  for  Active  Hydrogen  and 

Carbonyl.  J.  Am.  Chem.  Soc.,  61 :865-67. 
With  L.  Brickman,  J.  J.  Pyle  and  J.  L.  McCarthy.  Studies  on  Lignin. 

XXXIX.  The  Ethanolysis  of  Spruce  and  Maple  Woods.  J.  Am.  Chem. 

Soc.,  61 1868-69. 
With  M.  Lieff  and  G.  F.  Wright.  Studies  on  Lignin.  XL.  The  Extraction 

of  Birch  Lignin  with  Formic  Acid.  J.  Am.  Chem.  Soc.,  61 11477-82. 
With  R.  Fordyce  and  E.  L.  Lovell.  Studies  on  Carbohydrates.  LVI.  The 
(  Synthesis  of  the  Higher  Polyoxyethylene  Glycols.  J.  Am.  Chem.  Soc., 

61  -.1905-10. 
With  R.  Fordyce.  Studies  on  Carbohydrates.  LVII.  The  Synthesis  of  90- 

Membered  Oxyethylene  and  i86-Membered  Oxyethylene   Glycols.  J. 

Am.  Chem.  Soc.,  61:1910-11. 
With  R.  Fordyce.  Studies  on  Carbohydrates.  LVIII.  The  Relation  between 

Chain  Length  and  Viscosity  of  the  Polyoxyethylene  Glycols.  J.  Am. 

Chem.  Soc.,  61:1912-15. 
With  E.  L.  Lovell.  Studies  on  Carbohydrates.  LIX.  The  Precipitability  of 

Pure  Hemicolloidal  Polyoxyethylene  Glycols.  J.  Am,  Chem.  Soc.,  61: 

1916-20. 
With  M.  J.  Hunter.  Studies  on  Lignin.  XLI.  The  Detection,  Isolation  and 

Estimation  of  the  Syringyl  Radical  in  Plant  Products.  J.  Am.  Chem. 

Soc.,  61 :2i90~94. 
With  W.  H.  Steeves.  Studies  on  Lignin.  XLII.  The  Isolation  of  a  Bisulfite 

Soluble  "Extracted  Lignin."  J.  Am.  Chem.  Soc.,  61:2194-95. 
With  M.  J.  Hunter.  Studies  on  Lignin.  XLIIL  The  Absence  of  the 

Piperonyl  Group  in  the  Lignin  Structure.  J.  Am.  Chem.  Soc.,  61  .-2196-98. 


HAROLD    HIBBERT  173 

With  }.  J.  Pyle  and  L.  Brickman.  Studies  on  Lignin.  XLIV.  The  Etha- 
nolysis  of  Maple  Wood;  Separation  and  Identification  of  the  Water- 
soluble  Aldehyde  Constituents.  J.  Am.  Chem.  Soc.,  61:2198-2203. 

With  A.  B.  Cramer.  Studies  on  Lignin.  XLV.  Synthesis  and  Properties 
of  a-Hydroxypropiovanillone.  J.  Am.  Chem.  Soc.,  61 :2204~o6. 

With  E.  West,  A.  S.  Maclnnes,  and  J.  L.  McCarthy.  Occurrence  of  the 
Syringyl  Radical  in  Plant  Products.  }.  Am.  Chem.  Soc.,  61 12556. 

With  R.  M.  Borland  and  W.  L.  Hawkins.  Studies  on  Lignin.  XL VI.  The 
Action  of  Ozone  on  Isolated  Lignins.  J.  Am.  Chem.  Soc.,  61:2698-2701. 

1940 

With  H.  Schwartz  and  J.  L.  McCarthy.  The  "Coloring  Matter"  of  Kraft 
and  Its  Influence  in  Bleaching.  Paper  Trade  }.,  111(18)  :30~34- 

With  R.  M.  Borland.  Formic  Acid  as  a  Solvent  for  Ozonization  Investi- 
gations. Can.  J.  Research,  186:30-34. 

With  A.  C.  Neish.  Studies  on  Plant  Tumors.  I.  Effect  of  Crown  Gall 
Formation  on  the  Chemical  Composition  of  Beets.  Can.  J.  Research, 
180:613-23. 

With  E.  L.  Lovell.  The  Freezing  Points  of  Pure  High  Polymers.  J.  Am. 
Chem.  Soc.,  62:230-31. 

The  Mechanism  of  Plant  Respiration.  J.  Am.  Chem.  Soc.,  62 :984~85. 

With  L.  Brickman,  J.  J.  Pyle,  and  W.  L.  Hawkins.  Structure  of  the  Etha- 
nolysis  Products  from  Spruce  and  Maple  Wood.  J.  Am.  Chem.  Soc., 
62:986. 

With  H.  P.  Godard  and  J.  L.  McCarthy.  Hydrogenation  of  Wood.  J.  Am. 
Chem.  Soc.,  62:988. 

With  J.  H.  Fisher  and  W.  L.  Hawkins.  Studies  on  Lignin.  XL VII.  The 
Synthesis  of  Xylosides  Related  to  Lignin  Plant  Constitutents.  J.  Am. 
Chem.  Soc.,  62:1412-15. 

With  E.  L.  Lovell.  Studies  on  Carbohydrates.  LXII.  The  Relation  between 
Concentration  and  Viscosity  of  the  Polyoxyethylene  Glycols.  J.  Am. 
Chem.  Soc.,  62:2140-43. 

With  E.  L.  Lovell.  Studies  on  Carbohydrates.  LXIII.  The  Surface  Ten- 
sions of  Aqueous  Solutions  of  Polyoxyethylene  Glycols.  J.  Am.  Chem. 
Soc.,  62:2144-48. 

With  L.  Brickman  and  W.  L.  Hawkins.  Studies  on  Lignin.  XL VIII. 
Identification  of  Vanillin  and  Vanilloyl  Methyl  Ketone  as  Ethanolysis 
Products  from  Spruce  Wood.  J.  Am.  Chem.  Soc.,  62:2149-54. 


174  BIOGRAPHICAL    MEMOIRS 

With  Q.  P.  Peniston  and  J.  L.  McCarthy.  Studies  on  Lignin.  L.  Frac- 

tionation  of  Acetylated  Cell  Wall  Constituents  of  Red  Oak  Wood.  J. 

Am.  Chem.  Soc.,  62:2284-88. 
With  S.  Perry.  Studies  on  Carbohydrates.  LX.  The  Quantitative  Analysis 

of  Mixtures  of  Polyoxyethylene  Glycols.  J.  Am.  Chem.  Soc.,  62:2561-62. 
With   S.  Perry.  Studies  on   Carbohydrates.   LXI.  The   Mechanism   of 

Polymerization  of  Ethylene  Oxide.  J.  Am.  Chem.  Soc.,  62  :2599~26o4. 
With  A.  S.  Maclnnes,  E.  West,  and  J.  L.  McCarthy.  Studies  on  Lignin. 

XLIX.  Occurrence  of  the  Guaiacyl  and  Syringyl  Groupings  in  the 

Ethanolysis  Products  from  Various  Plants.  J.  Am.  Chem.  Soc.,  62: 

2803-06. 

1941 

Status  of  the  Lignin  Problem.  Paper  Trade  J.,  113(4)  '-35-44- 

With  E.  V.  White,  J.  N.  Swartz,  Q.  P.  Peniston,  H.  Schwartz,  and  J.  L. 

McCarthy.  Mechanism  of  the  Chlorination  of  Lignin.  Paper  Trade  J., 

1  13  (24)  1299-309. 
With  T.  H.  Evans  and  W.  L.  Hawkins.  Studies  on  Carbohydrates.  LXIV. 

Antigenicity  of  Dextran  Produced  by  Leuconostoc  mesenteroides  on 

Sucrose.  Journal  of  Experimental  Medicine,  74:511-18. 
With  L.  Brickman  and  W.  L.  Hawkins.  Synthesis  of  Veratroyl  Acetalde- 

hyde  and  Influence  of  the  Hydroxyl  Group  on  the  Reactivity  of  the 

Para-carbonyl  Group.  Can.  J.  Research,  igB  :24~33. 
With  R.  H.  J.  Creighton  and  J.  L.  McCarthy.  Aromatic  Aldehydes  from 

Spruce  and  Maple  Woods.  J.  Am.  Chem.  Soc.,  63  :3i2. 
With  R.  F.  Patterson,  K.  A.  West,  E.  L.  Lovell,  and  W.  L.  Hawkins. 

Studies  on  Lignin.  LI.  The  Solvent  Fractionation  of  Maple  Ethanol 

Lignin.  J.  Am.  Chem.  Soc.,  63:2065-70. 
With  E.  L.  Lovell.  Studies  on  Lignin.  LII.  New  Method  for  the  Frac- 

tionation of  Lignin  and  Other  Polymers.  J.  Am.  Chem.  Soc.,  63  12070-73. 
With  M.  Kulka  and  W.  L.  Hawkins.  Studies  on  Lignin.  LIII.  Isolation 

of  Vanilloyl  and  Syringoyl  Methyl  Ketones  from  Ethanolysis  Products 

of  Maple  Wood.  J.  Am.  Chem.  Soc.,  63  :237i~74. 
With  J.  H.  Fisher  and  W.  L.  Hawkins.  Studies  on  Lignin.  LIV.  Synthesis 

and  Properties  of  Glycosides  Related  to  Lignin.  J.  Am.  Chem.  Soc.,  63: 


With  K.  A.  West  and  W.  L.  Hawkins.  Studies  on  Lignin.  LV.  Synthesis 
and  Properties  of  (3-Hydroxypropioveratrone.  }.  Am.  Chem.  Soc.,  63: 
3035-38. 


HAROLD    HIBBERT  175 

With  K.  A.  West  and  W.  L.  Hawkins.  Studies  on  Lignin.  LVI.  Stability 

of  Lignin  Building  Units  and  Ethanol  Lignin  Fractions  toward  Eth- 

anolic  Hydrogen  Chloride.  J.  Am.  Chem.  Soc.,  63:3038-41. 
With  W.  B.  Hewson  and  J.  L.  McCarthy.  Studies  on  Lignin.  LVII. 

Mechanism  of  the  Ethanolysis  Reaction.  J.  Am.  Chem.  Soc.,  63 13041-45. 
With  W.  B.  Hewson  and  J.  L.  McCarthy.  Studies  on  Lignin.  LVIII.  The 

Mechanism  of  the  Ethanolysis  of  Maple  Wood  at  High  Temperatures. 

J.  Am.  Chem.  Soc.,  63:3045-48. 
With  R.  H.  J.  Creighton  and  J.  L.  McCarthy.  Studies  on  Lignin.  LIX. 

Aromatic  Aldehydes  from  Plant  Materials.  J.  Am.  Chem.  Soc.,  63:3049- 

52. 
With  L.  M.  Cooke  and  J.  L.  McCarthy.  Studies  on  Lignin.  LX.  Hydro- 

genation  Studies  on  Maple  Ethanolysis  Products  (Part  i).  J.  Am.  Chem. 

Soc.,  63:3052-56. 
With  L.  M.  Cooke  and  J.  L.  McCarthy.  Studies  on  Lignin.  LXI.  Hydro- 

genation  of  Ethanolysis  Fractions  from  Maple  Wood  (Part  2) .  J.  Am. 

Chem.  Soc.,  63:3056-61. 
With  H.  P.  Godard  and  J.  L.  McCarthy.  Studies  on  Lignin.  LXII.  High 

Pressure  Hydrogenation  of  Wood  Using  Copper  Chromite  Catalyst 

(Part  i).  J.  Am.  Chem.  Soc.,  63:3061-66. 
With  }.  R.  Bower,  Jr.,  and  J.  L.  McCarthy.  Studies  on  Lignin.  LXIII. 

Hydrogenation  of  Wood  (Part  2).  J.  Am.  Chem.  Soc.,  63:3066-68. 

1942 

Lignin.  Annual  Review  of  Biochemistry,  11:183-202. 

With  I.  Levi  and  W.  L.  Hawkins.  Studies  on  Carbohydrates.  LXV.  An 

Improved  Technique  for  the  Fractionation  of  Partially  Methylated 

Glucosides.  J.  Am.  Chem.  Soc.,  64:1957-59. 
With  I.  Levi  and  W.  L.  Hawkins.  Studies  on  Carbohydrates.  LXVL 

Structure  of  the  Dextran  Synthesized  by  the  Action  of  Leuconostoc 

mesenteroides  on  Sucrose.  J.  Am.  Chem.  Soc.,  64:1959-62. 
With  T.  H.  Evans,  I.  Levi  and  W.  L.  Hawkins.  Studies  on  Carbohydrates. 

LXVII.  Synthesis  of  Methylated  Glucose  Derivatives.  Can.  J.  Research, 

206:175-84. 

1943 

With  L.  M.  Cooke.  Quantitative  Determination  of  Methoxyl  and  Ethoxyl 
Groups.  Ind.  Eng.  Chem.  Anal.  Ed.,  15:24-25. 


176  BIOGRAPHICAL    MEMOIRS 

With  K.  A.  West.  Studies  on  Lignin.  LXIV.  Synthesis  and  Properties  of 
3-Hydroxy-i-(4-hydroxy-3-methoxyphenyl)-i-propanone.  J.  Am.  Chem. 
Soc.,  65:1170-72. 

With  W.  B4  Hewson.  Studies  on  Lignin.  LXV.  Re-ethanolysis  o£  Iso- 
lated Lignins.  J.  Am.  Chem.  Soc.,  65:1173-76. 

With  E.  West,  W.  S.  MacGregor,  T.  H.  Evans,  and  I.  Levi.  Studies  on 
Lignin.  LXVI.  The  Ethanolysis  of  Maple  Wood.  J.  Am.  Chem.  Soc., 
65:1176-80. 

With  M.  Kulka.  Studies  on  Lignin.  LXVII.  Isolation  and  Identification  of 
i-(4-Hydroxy-3,5-dimethoxyphenyl)-2-propanone  and  i-(4-Hydroxy-3- 
methoxyphenyl)-2-propanone  from  Maple  Wood  Ethanolysis  Products. 
Metabolic  Changes  in  Lower  and  Higher  Plants.  }.  Am.  Chem.  Soc., 
65:1180-85. 

With  M.  Kulka.  Studies  on  Lignin.  LXVIII.  Synthesis  and  Properties 
of  i-Ethoxy-i-(4-hydroxy-3-methoxyphenyl) -2-propanone,  3-Ethoxy-i-(4- 
hydroxy-3-methoxyphenyl)-2-propanone  and  their  Methyl  Ethers.  J. 
Am.  Chem.  Soc.,  65:1185-87. 

With  E.  West  and  A.  S,  Maclnnes.  Studies  on  Lignin.  LXIX.  Isolation 
of  i-(4'Hydroxy-3-methoxyphenyl)-2-propanone  and  i-Ethoxy-i-(4- 
hydroxy-3~methoxyphenyl)-2-propanone  from  the  Ethanolysis  Products 
of  Spruce  Wood.  J.  Am.  Chem.  Soc.,  65:1187-92. 

With  J.  R.  Bower,  Jr.,  and  L.  M.  Cooke.  Studies  on  Lignin.  LXX.  Hydro- 
genolysis  and  Hydrogenation  of  Maple  Wood.  J.  Am.  Chem.  Soc.,  65 : 
1192-95. 

With  J.  R.  Bower,  Jr.,  and  L.  M.  Cooke.  Studies  on  Lignin.  LXXI.  The 
Course  of  Formation  of  Native  Lignin  in  Spruce  Buds.  J.  Am.  Chem. 
Soc.,  65:1195-98. 

With  R.  F.  Patterson.  Studies  on  Lignin.  LXXII.  The  Ultraviolet  Absorp- 
tion Spectra  of  Compounds  Related  to  Lignin.  J.  Am.  Chem.  Soc.,  65: 
1862-69. 

With  R.  F.  Patterson.  Studies  on  Lignin.  LXXIIL  The  Ultraviolet  Ab- 
sorption Spectra  of  Ethanol  Lignins.  J.  Am.  Chem.  Soc.,  65:1869-73. 
With  A.  C.  Neish.  Studies  on  Plant  Tumors.  II.  Carbohydrate  Metab- 
olism of  Normal  and  Tumor  Tissues  of  Beet  Root.  Arch.  Biochem.,  3 : 
141-57. 

With  A.  C.  Neish.  Studies  on  Plant  Tumors.  III.  Nitrogen  Metabolism 
of  Normal  and  Tumor  Tissues  of  the  Beet  Root.  Arch.  Biochem.,  3: 
159-66. 


HAROLD   HIBBERT  177 

With  I.  Levi  and  M.  Michaelis.  Studies  on  Plant  Tumors.  IV.  Oxidases 
in  Normal  and  Tumor  Beet  Root  Tissues.  Arch.  Biochem.,  3:167-74. 

1944 

With  A.  M,  Eastham,  H.  E.  Fisher,  and  M.  Kulka.  Studies  on  Lignin. 
LXXIV.  Relation  o£  Wood  Ethanolysis  Products  to  the  Hibbert  Series 
of  Plant  Respiratory  Catalysts.  Allylic  and  Dismutation  Rearrangements 
of  3-Chloro-i-(3?4-dimethoxyphenyl)-2-propanone  and  i-Bromo-i-(3,4- 
dimethoxyphenyl)-2-propanone.  J.  Am.  Chem.  Soc.,  66:26-32. 

With  R.  H.  J.  Creighton  and  R.  D.  Gibbs.  Studies  on  Lignin.  LXXV. 
Alkaline  Nitrobenzene  Oxidation  of  Plant  Materials  and  Application 
to  Taxonomic  Classification.  J.  Am.  Chem.  Soc.,  66:32-37. 

With  R.  H.  J.  Creighton.  Studies  on  Lignin.  LXXVI.  Alkaline  Nitroben- 
zene Oxidation  of  Corn  Stalks.  Isolation  of  p-Hydroxybenzaldehyde. 
J.  Am.  Chem.  Soc..,  66:37-38. 

With  M.  Kulka,  H.  E.  Fisher  and  S.  B.  Baker.  Studies  on  Lignin. 
LXXVII.  Re-investigation  of  the  Ethanolysis  Products  of  Maple  Wood. 
J.  Am.  Chem.  Soc.,  66:39-41. 

With  W.  S.  MacGregor  and  T.  H.  Evans.  Studies  on  Lignin.  LXXVIII. 
Chromic  Acid  Oxidation  of  Lignin-type  Substances,  Wood  Ethanolysis 
Products  and  Wood.  J.  Am.  Chem.  Soc.,  66:41-44. 

With  H.  E.  Fisher  and  M.  Kulka.  Studies  on  Lignin.  LXXIX.  Synthesis 
and  Properties  of  3-Hydroxy-i-(3,4-dimethoxyphenyl)-2-propanone.  J. 
Am.  Chem.  Soc.,  66:598-601. 

With  L.  Mitchell.  Studies  on  Lignin.  LXXX.  The  Ethanolysis  of  i-Ace- 
toxy-i-(4-acetoxy-3-methoxyphenyl)-2-propanone  and  its  Relation  to 
Lignin  Structure.  J.  Am.  Chem.  Soc.,  66:602-4. 

With  L.  Mitchell  and  T.  H.  Evans.  Studies  on  Lignin.  LXXXI.  Properties 
of  i-Bromo-i-(4-acetoxy-3-methoxyphenyl)-2-propanone  and  Relation  to 
Lignin  Structure.  J.  Am.  Chem.  Soc.,  66:604-7. 

With  J.  A.  F.  Gardner.  Studies  on  Lignin.  LXXXIL  Synthesis  and  Prop- 
erties of  i,3-Diacetoxy-i-(4-acetoxy-3-methoxyphenyl)-2-propanone  and 
i-Acetoxy-3-chloro-i-(4-acetoxy-3-methoxyphenyl)-2-propanone  and  their 
Relation  to  Lignin  Structure.  J.  Am.  Chem.  Soc.,  66:607-10. 

1946 

With  W.  R.  Ashford  and  L.  M.  Cooke.  Studies  on  Carbohydrates. 
LXVIIL  Stabilizing  Action  of  Ethanol  on  Starch  Nitrates.  Can.  J.  Re- 
search, 246:238-45.  (Inadvertently  numbered  LX  at  the  time  of  pub- 
lication.) 
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With  W.  R.  Ashford  and  T,  H.  Evans.  Studies  on  Carbohydrates.  LXIX. 

Properties  of  the  Fractionated  Nitrates  of  Two  Fractions  of  Corn 

Starch.  Can.  J.  Research,  248  '.246-53.  (Inadvertently  numbered  LXI  at 

the  time  of  publication.) 
With  T.  H.  Evans.  Bacterial  Polysaccharides.  Advances  in  Carbohydrate 

Chemistry,  2:203-33. 
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With  H.  E.  Fisher.  Studies  on  Lignin.  LXXXIII.  Synthesis  of  3-Hydroxy- 
i-(4~hydroxy-3-methoxyphenyl)-2-propanone.  }.  Am.  Chem.  Soc.,  69: 
1208-10. 

1948 

With  C.  P.  Brewer  and  L.  M.  Cooke.  Studies  on  Lignin.  LXXXIV.  The 
High  Pressure  Hydrogenation  of  Maple  Wood:  Hydrol  Lignin,  J.  Am. 
Chem.  Soc.,  70:57-59. 

With  S.  B.  Baker  and  T.  H.  Evans,  Studies  on  Lignin.  LXXXV.  Synthe- 
sis and  Properties  of  Dimers  Related  to  Lignin.  J.  Am.  Chem.  Soc., 
70 :6o-63. 

With  S.  B.  Baker.  Studies  on  Lignin. '  LXXXVI.  Hydrogenation  of 
Dimers  Related  to  Lignin.  J.  Am.  Chem.  Soc.,  70:63-67. 

With  }.  M.  Pepper.  Studies  on  Lignin.  LXXXVII.  High  Pressure  Hy- 
drogenation of  Maple  Wood.  J.  Am.  Chem.  Soc.,  70:67-71. 

With  J.  L.  McCarthy.  Multistage  Bleaching  of  Kraft  Pulp.  Pulp  Paper 
Mag.  Can.  50(5)  -.88-93. 

PATENTS 

U.  S.          9943841       Explosive.  1911 

U.  S.          994>842       Explosive.  1911 
U.  S.        1,008,333       Explosive  and  Method  of  Producing  the 

Same  and  Its  Ingredients.  1911 

Can.  147423       Organic  Solvents.  1913 

U.  S.       1,086,048       Manufacture  of  Organic  Solvents.  1914 
Brit.               5,408        Mesityl  Oxide-Dimethylbutadiene-Tetrahy- 

drobenzene.  1914 
U.  S.        1,126,467       Method  of  Condensing  Polyhydric  Alco- 
hols. 1915 

U.  S.        1,158,217       Manufacture  of  Organic  Solvents.  1915 

U.  S.        1,164,647       Process  of  Condensation.  1915 

Can.  171,961        Organic   Solvents.  1916 


u.  s. 

1,213,367 

u.  s. 

1,213,368 

u.  s. 

1,213,369 

U.S. 

1,213,486 

u.  s. 

1,213,487 

u.  s. 

1,214,919 

u.  s. 

1,230,899 

u.  s. 

1,231,351 

Can. 

178,237 

U.  S. 

1,247,270 

Can. 

181,655 

Can. 

181,656 

Can. 

181,657 

U.  S. 

1,261,811 

u.  s. 

1,270,759 

u.  s. 

1,283,183 

u.  s. 

1,321,307 

u.  s. 

1,407,274 

u.  s. 

1,768,253 

Can. 

30M37 

Can. 

3II,8l9 

Can. 

314,604 

Can. 

323,155 

Brit. 

377>992 

U.  S. 

1,916,423 

Brit. 
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Manufacture  of  Explosives.  1917 

Liquid  Composition.  1917 

Explosive  and  Producing  Same.  1917 
With  H.  A.  Morton.  Method  of  Making 

Acetaldehyde.  1917 
With  H.  A.  Morton,  Making  Acetaldehyde.  1917 
With  H.  Essex  and  B.  T.  Brooks.  Process 
for  the  Manufacture  of  Fusel  Oil  or  Sim- 
ilar Products  from  Petroleum.  1917 
Process  of  Making  Acetic  Acid.  1917 
Explosive  Composition  and  Method  of  Pro- 
ducing Same.  1917 
Acetic  Acid.  1917 
Method  of  Preparing  Acetaldehyde.  1917 
Acetaldehyde.  1918 
Acetaldehyde.  1918 
Acetaldehyde.  1918 
Process  for  the  Synthesis  of  Organic  Con- 
densation Products.  1918 
Manufacture  of  Glycols.  1918 
Solvent  and  Process  of  Producing  the  Same.  1918 
Purification  of  Acetyl-salicylic  Acid.  1919 
Tobacco.  1922 
With  J.  L.  Parsons.  Method  of  Making 

Pyroxylin  Solutions  of  Low  Viscosity.  1930 
Polymerization  Product  from  Divinyl 

Ether.  1930 
Process  of  Producing  Vinyl  Ethers.  1931 
With  J.  L.  Parsons.  Pyroxylin  Solution.  1931 
With  F.  Howett.  Engine  Motion  Record- 
ing Device.  1932 
Apparatus  for  Drying  Yarn  or  Textile 

Fibers.  1932 
Polymerization  Product  from  Divinyl  Ether 
and  Related  Compounds  and  Process  of 

Producing  Same.  1933 
With  British  Celanese  and  R.  P.  Roberts. 

Lubricating  and  Sizing  Textile  Materials.  1933 


i8o 

U.  S. 

1,973,709 

Can. 
U.S. 
U.S. 

349,986 
2,028,776 
2,069,185 

U.S. 

2,079,207 

U.S. 

2,079,208 

Can. 

374,898 

Can. 

U.  S. 

381,287 
2,226,356 

Can, 

407,248 

Can. 

408,625 

U.  S. 

2,320,598 

Can. 

421,185 

Can. 

446,287 
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With  Bertha  Hibbert.  Apparatus  for  Test- 
ing Liquids  or  Semiliquids. 

Cellulosic  Article. 

Cellulose  Articles  and  Preparing  the  Same. 

With  G.  H.  Tomlinson,  Jr.  Manufacture  of 
Vanillin  from  Waste  Sulfite  Pulp  Liquor. 

With  W.  L.  Reinhardt.  Storage  Battery 
Plate. 

With  W.  L.  Reinhardt.  Storage  Battery 
Plate  and  Making  the  Same. 

With  G.  H.  Tomlinson,  Jr.  Vanillin  Manu- 
facture. 

Antiseptic  Paper  or  Fabric. 

With  J.  L.  McCarthy  and  G.  H.  Tomlin- 
son, Jr.  Process  of  Purifying  Cellulosic 
Materials. 

With  G.  H.  Tomlinson,  Jr.  and  J.  L.  Mc- 
Carthy. Cellulosic  Material  Purification. 

With  A.  B.  Cramer.  Distillable  Oil  Re- 
covery from  Plant  Materials. 

With  A.  B.  Cramer.  Process  for  the  Manu- 
facture of  Distillable  Oils  from  Wood 
and  Other  Plant  Materials. 

With  J.  L.  McCarthy  and  H.  P.  Godard. 
Wood  Product  Manufacture. 

Antiseptic  Paper  and  Textile  Product. 


1934 

1935 
1936 

1937 
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1938 
1939 


1940 
1942 
1942 

1943 

1944 
1948 


CLAUDE  SILBERT  HUDSON 

January  26,  1881 — December  27,  1952 

BY    LYNDON    F.    SMALL    AND    MELVILLE    L.    WOLFROM 


WITH  THE  PASSING  of  Claude  S.  Hudson,  American  chemistry 
lost  one  of  its  ablest  representatives,  one  whose  brilliant  re- 
searches had  a  predominant  influence  in  the  modern  carbohydrate 
field  for  over  forty  years.  Seldom  is  there  found  in  a  devoted  scien- 
tist such  a  combination  of  friendly  personality,  keen  wit,  and  com- 
plete disregard  for  restricting  conventions.  His  long  and  delightful 
stories,  both  proper  and  ribald,  will  long  be  remembered  by  those 
privileged  to  have  heard  them.  Although  of  modest  and  unassuming 
manner,  Hudson  took  great  pride  in  the  perfection  of  his  work,  and 
in  the  honors  which  he  received,  and  showed  an  almost  naive 
pleasure  in  the  ceremonies  connected  with  his  numerous  awards. 
In  view  of  Hudson's  reticence  concerning  his  personal  history,  it  is 
fortunate  that  H.  O.  L.  Fischer  was  able  to  induce  him  to  furnish  a 
record  of  his  life  in  connection  with  the  publication  of  his  collected 
papers  in  1946. 

Claude  S.  Hudson,  the  second  child  of  William  James  and  Maude 
Celestia  (Wilson)  Hudson,  was  born  January  26,  1881,  in  Atlanta, 
Georgia.  His  father's  ancestry  was  Scottish,  that  of  his  mother  a  mix- 
ture of  English,  Scots,  and  Huguenot  French.  Shortly  after  the  War 
between  the  States,  William  Hudson  moved  from  his  early  home  in 
South  Carolina  to  Georgia  and,  when  Claude  was  about  three  years 
old,  took  his  family  to  Mobile,  Alabama. 

In  this  small  southern  city  at  the  head  of  Mobile  Bay,  Claude  and 
his  older  brother  William  spent  their  youth  close  to  nature  in  an 
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atmosphere  of  peace  and  plenty.  Hudson  writes  with  nostalgia  of  the 
long  southern  summers  and  mild  winters,  with  the  opportunities  for 
swimming,  fishing,  and  boating.  It  seems  probable  that  Hudson's 
later  love  of  nature  and  its  manifestations  was  deeply  rooted  in  this 
boyhood,  though  one  might  often  suspect  that  his  unusual  knowl- 
edge of  botany  was  acquired  because  of  a  surmise  that  this  or  that 
species  of  plant  might  contain  some  new  sugar. 

At  high-school  age  he  entered  the  University  Military  School  for 
college  preparation,,  and  came  under  the  influence  of  Julius  T. 
Wright,  an  ideal  type  of  educator  and  character  builder.  The  secre- 
tary of  the  Mobile  Y.  M.  C.  A.,  the  Rev.  A.  C.  Harte,  was  also  a 
close  friend,  whose  culture  and  charm  left  a  deep  impression. 

With  a  strong  religious  background  and  a  great  interest  in  church 
activities,  Hudson  decided  to  study  for  the  Presbyterian  ministery, 
and  chose  Princeton  University  for  his  preparation.  There  he  en- 
rolled for  the  B.  Sc.  degree  in  1897  and,  as  he  himself  states,  a  more 
naive  and  gullible  freshman  never  entered  the  University.  He  was  a 
friendless  soul  in  a  land  of  strange  customs  and  stranger  speech, 
speaking  a  dialect  that  his  classmates  found  equally  strange. 

In  this  freshman  year  he  fought  homesickness  by  strict  devotion 
to  his  prescribed  studies,  and  in  particular  became  so  interested  in  the 
inspiring  chemical  lectures  and  demonstrations  of  Professor  L.  W. 
McCay  that  he  decided  in  all  sincerity  that  the  best  way  to  train  for 
the  ministry  would  be  to  acquire  all  the  science  possible.  Perhaps  at 
this  point  a  good  minister  was  lost,  for  Hudson  later  had  a  striking 
ability  to  make  any  topic  whatsover  interesting  to  his  listeners. 

After  a  summer  helping  his  friend  Mr.  Harte  in  his  duties  as  chap- 
lain of  the  Second  Alabama  Regiment  (Spanish- American  War),  he 
returned  with  new  vigor  to  his  scientific  program,  with  a  feeling  that 
he  had  no  talent  for  Christian  work.  During  the  ensuing  three  years 
he  became  so  fascinated  by  his  studies  in  chemistry,  physics,  astron- 
omy, geology,  and  mathematics  under  a  distinguished  group  of 
teachers  that  the  idea  of  the  ministry  was  completely  abandoned  in 
favor  of  a  scientific  career. 
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Shortly  before  his  graduation  from  Princeton  in  1901,  Hudson  be- 
gan to  realize  that  the  prospects  for  a  future  in  science  were  indeed 
scanty  for  an  unknown  young  bachelor  of  science  coming  out  into 
a  world  where  he  had  no  influential  connections,  and  he  applied  to 
his  old  friend  Mr.  Wright  for  an  instructorship  at  the  University 
Military  School  in  Mobile.  Scarcely  had  he  been  accepted  in  this 
capacity,  when  he  was  offered  appointment  to  the  Princeton  Class  of 
1860  Fellowship  in  Experimental  Science,  His  release  from  the  Mo- 
bile obligation  was  easily  arranged,  and  in  the  fall  of  1901  he  entered 
upon  the  duties  of  the  Fellowship. 

Hudson's  interest  at  that  time  was  primarily  in  physical  chemistry, 
a  phase  that  was  totally  neglected  by  the  Chemistry  Department,  and 
he  therefore  chose  to  work  in  the  Physics  Department,  in  collabora- 
tion with  Professors  E.  H.  Loomis  and  William  F.  Magie.  This  was 
a  critical  decision,  both  for  Hudson  and  for  carbohydrate  chemistry. 
It  was  here,  during  the  purification  of  a  sample  of  milk  sugar,  that 
Hudson  observed  the  already  known  but  unexplained  phenomenon 
of  mutarotation.  His  curiosity  aroused,  Hudson  begged  permission  to 
explore  this,  and  conducted  an  investigation  of  the  forms  of  milk 
sugar  which  did  not  explain  mutarotation,  but  committed  him  to 
sugar  chemistry,  and  resulted  in  his  first  publication,  in  the  Prince- 
ton University  Bulletin.  In  June,  1902,  he  was  awarded  the  Master  of 
Science  degree. 

Hudson's  parents  were  eager  to  have  him  continue  his  studies 
abroad,  and  believed  that  with  the  strictest  economy  they  might  be 
able  to  support  such  a  program  for  three  years.  On  the  advice  of  Pro- 
fessor Loomis  it  was  decided  that  Hudson  should  go  to  Nernst's 
institute  at  Gottingen.  In  Nernst's  laboratory  he  continued  his  work 
on  the  mutarotation  of  lactose,  and  in  return  he  and  an  American 
colleague  taught  Nernst  to  play  poker,  as  preparation  for  an  impend- 
ing trip  of  Nernst  to  America.  They  did  not,  however,  succeed  in 
convincing  the  worthy  professor  of  the  danger  of  being  scalped  by 
the  Indians  around  New  York. 

In  the  spring  of  1903,  Hudson  learned  that  his  father's  financial 
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situation  had  become  unfavorable,  and  that  his  stay  in  Europe  must 
be  limited  to  one  year;  he  and  Nernst  then  agreed  that  it  would  be 
advantageous  for  him  to  spend  his  second  semester  with  Van't  Hoff 
in  Berlin.  Before  leaving  Gottingen,  Hudson  was  able  to  visit  for  a 
short  time  in  the  laboratory  of  Gustav  Tammann,  where  he  demon- 
strated the  closed-ring  solubility  curve  of  the  nicotine-water  system. 
This  resulted  in  one  of  the  few  publications  made  by  Hudson  which 
were  not  concerned  with  some  aspect  of  carbohydrate  chemistry. 

While  in  Berlin,  Hudson  had  the  opportunity  to  meet  Emil 
Fischer,  at  the  International  Chemical  Congress,  although  he  did  not 
realize  at  the  time  what  a  profound  influence  Fischer's  work  would 
have  on  his  later  activities.  Here  also  he  became  acquainted  with 
Professor  A.  A.  Noyes,  and  was  successful  in  obtaining  a  research 
assistantship  in  the  new  Research  Laboratory  of  Physical  Chemistry 
at  the  Massachusetts  Institute  of  Technology. 

At  Boston  he  was  able  to  continue  some  of  his  work  on  milk  sugar, 
but  his  proposal  to  extend  his  studies  to  mannose  had  to  be  denied 
because  of  lack  of  funds.  With  the  aid  of  Professor  Magie,  Hudson 
returned  to  Princeton  as  an  instructor  in  physics  (1904-1905).  This 
was  followed  by  two  years  in  a  similar  capacity  at  the  University  of 
Illinois.  In  1906  Hudson  had  married  Alice  Abbott,  of  Urbana,  and 
even  in  those  times  was  having  difficulty  in  getting  along  on  a  salary 
of  $900  a  year.  Moreover,  he  was  now  certain  that  his  inclination 
and  ability  were  far  more  toward  chemistry  than  physics.  In  des- 
peration, he  was  on  the  point  of  abandoning  a  scientific  career  and 
entering  his  father's  phosphate  mining  business,  when  he  received 
an  offer  from  his  former  Gottingen  colleague,  John  Clement,  to  join 
the  U.  S.  Geological  Survey  as  a  physicist.  In  the  transition,  Hudson 
stopped  at  Princeton  long  enough  to  take  his  final  examination  for 
the  Ph.  D.  degree,  magna  cum  laude  (1907).  The  government  posi- 
tion was  of  short  duration  because  of  reduction  in  force.  There  fol- 
lowed a  brief  interval  of  industrial  employment  in  physical  and 
chemical  testing  of  asphaltic  substances  at  Perth  Amboy,  N.  J. 

In  1908,  Hudson  secured  an  appointment  in  Washington,  as  a 
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routine  analyst  in  Harvey  W.  Wiley's  "poison  squad/'  investigating 
adulteration  of  foods.  This  work  Hudson  was  able  to  so  systematize 
that,  with  the  cooperation  of  a  sympathetic  supervisor,  he  could  de- 
vote considerable  time  to  studies  of  the  hydrolysis  of  sucrose  by 
invertase.  Dr.  Wiley  himself  became  interested  in  this  work  and  pro- 
vided an  assistant,  and  C.  S.  Hudson  was  really  launched  on  his  car- 
bohydrate career. 

In  1911-1912,  Hudson  took  leave  of  absence  to  serve  as  Acting  Pro- 
fessor of  Physical  Chemistry  at  Princeton,  substituting  for  Professor 
G.  A.  Hulett.  This  was  a  most  unusual  course  in  physical  chemistry. 
Hudson  lectured  for  some  weeks  on  subject  matter  with  which  he 
was  familiar,  then,  having  reached  the  bottom  of  the  barrel,  an- 
nounced that  the  class  did  not  know  enough  German  ever  to  get 
anywhere,  and  for  the  remainder  of  the  term  taught  chemical 
German. 

Hudson's  year  at  Princeton  was  by  no  means  a  loss,  for  he  as- 
sembled a  group  of  enthusiastic  co-workers,  some  of  whom  followed 
him  on  his  return  to  the  Bureau  of  Chemistry,  where  in  1912  Dr. 
Carl  L.  Alsberg,  successor  to  Dr.  Wiley,  established  the  Carbohy- 
drate Laboratory.  Hudson's  recondite  researches  were  supported  to 
the  utmost  by  Dr.  Alsberg,  as  they  were  later  in  the  Public  Health 
Service,  even  though  they  had  little  direct  bearing  on  the  enforce- 
ment of  the  pure  food  laws  or  the  health  of  the  nation. 

With  the  advent  of  war  in  1917,  Hudson  was  loaned  to  the  War,, 
Department  for  crucial  experiments  on  activated  carbon  for  gas 
masks,  and  for  four  years  after  the  war  he  acted  as  a  consulting  chem- 
ist on  decolorizing  carbon,  yeast,  and  brewing  problems.  Beer  was  a 
subject  of  great  personal  interest  to  him,  and  during  the  prohibition 
era  he  maintained  a  special  refrigerator  set  to  the  optimum  tempera- 
ture to  produce  a  sound  brew  (at  least  in  comparison  with  most  beer 
of  this  period). 

In  1923  Hudson  was  called  to  the  National  Bureau  of  Standards  by 
Frederick  J.  Bates,  Chief  of  the  Polarimetry  Section,  to  carry  out 
research  studies  on  sugars,  an  opportunity  which  he  accepted  with 
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delight.  With  the  exception  of  a  year  spent  in  the  Hawaiian  Islands 
consulting  on  problems  of  the  pineapple  canning  industry,  this 
fruitful  research  period  extended  until  1928.  Hudson  attracted  many 
brilliant  young  scientists  whose  names  and  discoveries  were  later  to 
become  well  known  in  carbohydrate  chemistry.  He  always  worked 
with  his  own  hands  as  well  as  with  his  brain,  and  transmitted  his 
patience  and  extraordinary  skill  to  his  collaborators.  It  is  said  that  in 
spite  of  his  care  in  handling  rare  sugars,  he  once  upset  a  small  beaker 
of  viscous  sirup  in  the  center  of  his  office  desk.  Perhaps  as  an  object 
lesson,  he  wrote  and  worked  for  months  around  this  sticky  mess, 
until  it  finally  crystallized  and  could  be  removed  without  loss. 

The  high  reputation  which  Hudson  had  acquired  from  his  re- 
searches at  the  Bureau  of  Standards  had  an  unexpected  result.  In 
1928  he  received  an  invitation  from  Dr.  G.  W.  McCoy,  Director  of 
the  Hygienic  Laboratory,  to  serve  as  Professor  of  Chemistry  in  the 
U.  S.  Public  Health  Service,  a  position  which  had  recently  been 
vacated  by  Professor  William  Mansfield  Clark.  Hudson  had  a  diffi- 
cult decision  to  make,  for  the  Hygienic  Laboratory  was  primarily  a 
medical  institute  dealing  with  practical  problems  of  public  health. 
One  might  easily  question  whether  such  an  organization  would  long 
support  fundamental  studies  in  sugar  chemistry.  There  was  prece- 
dent, however,  in  P.  A.  Levene's  basic  researches  on  carbohydrates 
at  the  Rockefeller  Institute  for  Medical  Research  and,  at  the  Hygienic 
laboratory  itself,  in  the  outstanding  contributions  of  Clark  on  oxi- 
dation-reduction systems.  The  chemistry  of  carbohydrates,  moreover, 
is  closely  connected  with  human  nutrition.  Hudson  accepted  the 
offer  of  Dr.  McCoy,  a  decision  that  he  never  had  occasion  to  regret. 

During  his  last  months  at  the  Bureau  of  Standards,  Hudson  had 
succeeded  in  preparing  several  kilograms  of  the  rare  trisaccharide 
melezitose  from  "gritty  honey,"  and  with  the  collusion  of  several 
associates  he  quietly  took  this  along  when  he  moved.  This  caused  con- 
siderable trauma,  which  ultimately  healed. 

Early  in  1929  Hudson  was  firmly  established  with  twelve  co- 
workers  at  the  Hygienic  Laboratory  (later  National  Institutes  of 
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Health),  and  here  began  the  most  productive  and  happy  years  of 
his  career.  With  the  small  load  of  administrative  work  that  was  in- 
volved, he  was  able  to  devote  his  time  almost  entirely  to  his  beloved 
sugars  and  enzymes.  The  practical  problems  of  chemistry  in  public 
health  which  came  along  he  turned  over  to  his  long-time  associates, 
Dr.  Elias  Elvove  and  Mr.  C.  G.  Remsburg. 

It  was  in  this  period,  from  1928  until  his  retirement  in  1951,  that 
the  major  portion  of  Hudson's  brilliant  researches  was  accomplished, 
in  association  with  Raymond  ML  Hann,  Nelson  K.  Richtmyer,  and 
Hewitt  G.  Fletcher,  Jr.,  as  well  as  many  others  whose  names  appear 
in  the  appended  Bibliography.  He  exercised  extraordinary  care  in 
the  preparation,  purification,  and  characterization  of  his  products, 
and  was  equally  meticulous  in  the  publication  of  his  results.  He  often 
said,  "I  don't  like  to  report  in  the  literature  any  experiment  until  I 
have  been  through  it  at  least  three  times."  He  set  similar  standards 
for  his  co-workers,  and  was  extremely  intolerant  of  experimental 
failures  resulting  from  poor  technique  or  carelessness.  Indeed  it  was 
frequently  remarked  of  him,  "Huddy  is  a  wonderful  friend,  but  a 
hard  master  to  work  for."  In  one  instance,  after  many  months  of 
waiting,  a  co-worker  obtained  a  seed-crystal  of  a  rare  sugar,  and  thus 
brought  the  whole  product  to  crystallization.  Without  saving  a  crys- 
tal, his  assistant  brought  the  entire  mass  into  solution  for  purifica- 
tion— and  the  whole  waiting  period  had  to  be  repeated.  For  days 
Hudson  wandered  around,  muttering,  "He  threw  away  his  bait, 
threw  away  his  bait." 

In  his  relationships  with  his  fellow  scientists,  Hudson  insisted  upon 
the  same  rigid  principles  of  precision  and  clarity  that  were  exempli- 
fied in  his  own  writings,  but  his  criticism  was  often  tempered  with 
humor.  An  editor  who  became  somewhat  impatient  for  a  review  of 
a  rather  mediocre  book  on  carbohydrate  chemistry  received  the  re- 
ply, "I  have  the  book  you  refer  to,  and  have  placed  it  upon  the  shelf 
between  the  volumes  of  Emil  Fischer's  collected  work,  hoping  that 
by  the  process  of  osmosis  there  may  result  something  worth  review- 
ing." To  a  colleague  who  had  hitherto  not  published  in  the  sugar 
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field,  and  who  wished  an  opinion  on  a  manuscript,  he  wrote  "Dear 
L.:  I  have  read  your  paper  carefully,  and  my  first  suggestion  would 
be  a  change  in  the  title.  This  should  read  'Alice  in  Sugarland.'  " 

Hudson's  fascinating  anecdotes  were  occasionally  built  against  a 
sugar  background.  A  favorite  whimsy  was  that  two  Hudsons  dwelt 
in  opposed  mirrors  from  which  they  emerged  at  appropriate  times. 
The  L-Hudson  was  the  convivial  one  who  partook  of  intoxicating 
beverages,  was  strongly  attracted  by  beautiful  women,  and  was  in 
general  sinful.  D-Hudson  was  the  serious,  sober,  gentlemanly  scien- 
tist. On  the  occasion  of  the  Organic  Symposium  of  the  American 
Chemical  Society  at  Richmond,  L-Hudson  was  in  charge.  It  became 
necessary  for  him  to  leave  the  auditorium,  but  alas,  the  only  incon- 
spicuous exit  was  a  spiral  staircase  which  was  dextro-rotatory.  With 
the  help  of  friends  he  finally  mounted  this,  but  claimed  for  years 
that  he  had  been  racemized  in  the  process. 

In  the  later  years  of  his  life,  although  he  was  not  in  good  health, 
Hudson's  amazing  productivity  continued  unabated.  He  regularly 
attended  meetings  of  the  American  Chemical  Society,  although  he 
usually  left  the  presentation  of  papers  to  his  younger  co-workers.  He 
was  also  active  in  the  Starch  Round  Table,  an  annual  meeting  in 
some  secluded  place,  of  those  interested  in  the  chemistry  of  starch 
and  other  carbohydrates.  In  the  time  which  he  spared  from  scientific 
work,  he  took  pleasure  in  ambling  through  the  spring  woods,  or 
along  the  semitropical  littoral  at  Kitty  Hawk,  North  Carolina,  identi- 
fying shrubs  and  woods  plants,  floating  in  the  warm  waters  border- 
ing the  Gulf  Stream,  or  speculating  on  the  amounts  of  glucosamine 
that  might  be  obtained  from  the  waste  of  the  crab  meat  canneries. 

After  retirement  at  the  age  of  seventy  in  1951,  he  still  led  a  busy, 
though  necessarily  quiet,  life.  He  maintained  a  small  laboratory  at 
the  National  Institutes  of  Health,  but  was  chiefly  occupied  with  writ- 
ing manuscripts  from  accumulated  data,  and  with  editing  a  new  vol- 
ume of  Advances  in  Carbohydrate  Chemistry.  During  this  period  he 
also  acted  as  consultant  for  a  Midwest  brewing  firm.  His  activities 
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were  terminated  by  sudden  death  from  a  heart  ailment  on  December 
27,  1952. 

Hudson  was  married  four  times,  the  first  three  of  these  marriages 
ending  to  his  regret  in  divorce.  His  last  marriage,  in  1942,  was  to  his 
childhood  sweetheart,  the  then  widowed  Erin  Gilmer  Jones  of 
Selma,  Alabama.  This  last  marriage  was  a  happy  one.  By  his  first 
marriage  he  had  three  children:  a  son,  William  Abbott,  and  two 
daughters,  Alice  and  Sally.  His  son  William  died  in  England  in  1945 
while  serving  in  the  U.  S.  Air  Force.  Hudson  is  survived  by  his 
daughters  and  his  wife  Erin. 

Although  most  of  Hudson's  research  was  abstruse,  its  fundamental 
nature  and  importance  were  early  recognized.  It  struck  into  the 
actual  basis  of  life,  nutrition,  by  way  of  starch,  sugars,  enzymes,  fer- 
mentation, vitamins,  and  the  energy  cycle  (ribose) .  He  was  elected 
to  the  National  Academy  of  Sciences  in  1927,  to  the  Kaiserlich 
Leopoldinisch-Carolinisch  Deutsche  Akademie  der  Naturforscher 
(Halle)  in  1932,  and  became  an  Honorary  Fellow  of  the  Chemical 
Society  (London)  in  1949.  He  was  a  charter  member  of  the  Academy 
of  Medicine  of  Washington,  D.  C.  (1936)  and  received  the  D.  Sc. 
from  Princeton  University  (1947).  By  the  American  Chemical  So- 
ciety, he  was  awarded  the  Nichols  Medal  of  the  New  York  Section 
(1916),  the  Willard  Gibbs  Medal  of  the  Chicago  Section  (1929),  the 
Hillebrand  Prize  of  the  Washington  Section  (1931),  the  Richards 
Medal  of  the  Northeastern  Section  (1940),  and  the  Borden  Medal  in 
1941.  The  Franklin  Institute  of  the  State  of  Pennsylvania  bestowed 
on  him  the  Cresson  Medal  in  1942.  The  United  States  Government 
made  him  the  first  recipient  of  the  Federal  Security  Agency  Award, 
and  industry  honored  him  with  the  Grand  Prize  of  the  Sugar  Re- 
search Foundation.  After  Hudson's  death,  the  Division  of  Carbo- 
hydrate Chemistry  of  the  American  Chemical  Society  renamed  its 
annual  award  "The  Hudson  Award"  in  memory  of  the  first  award 
of  the  Division,  which  was  made  to  C.  S.  Hudson  in  1946.  He  served 
as  an  associate  editor  of  the  Journal  of  the  American  Chemical  So- 
ciety  and  of  the  Advances  in  Carbohydrate  Chemistry.  He  was  chair- 
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man  of  the  Organic  Division  of  the  American  Chemical  Society 
(1934)  and  served  on  several  of  the  organic  nomenclature  commit- 
tees of  the  Society. 

The  sixty-fifth  birthday  of  Hudson  was  celebrated  by  a  carbohy- 
drate symposium  and  by  the  publication  in  book  form  of  the  247 
papers  which  had  originated  up  to  1945  from  his  Laboratory.  These 
two  volumes  may  well  take  their  place  on  the  library  shelf  beside 
those  of  Emil  Fischer's  collected  work,  with  which  they  may  be 
considered  isotonic.  O/ie  of  the  principal  banquet  speakers  on  this 
occasion  was  Sir  Norman  Haworth,  a  loyal  friend  of  Hudson  in 
spite  of  their  disagreement  many  years  ago.  In  1951,  at  his  seven- 
tieth birthday,  the  time  of  his  official  retirement,  Hudson's  friends 
and  colleagues  again  gathered  in  his  honor  at  the  National  Naval 
Medical  Center. 

The  carbohydrates  constitute  a  group  of  carbon  compounds  that 
are  essential  to  life  and  are  concerned  especially  with  energy  trans- 
fers in  animal  and  plant  metabolism  and  in  the  chemical  fixation  of 
carbon  dioxide  under  the  influence  of  the  radiant  energy  of  the 
sun.  Many  chemists  have  made  their  contributions  to  the  study  of 
these  substances,  but  Emil  Fischer,  Sir  Norman  Haworth,  and 
Claude  S.  Hudson  occupy  prominent  positions  in  the  development 
of  the  structural  chemistry  of  the  carbohydrates.  These  men  fur- 
nished inspirational  leadership  to  many  associates  and  trained  in- 
vestigators for  the  continuing  work  in  this  field.  The  great  contribu- 
tion of  Emil  Fischer  was  to  establish  the  stereochemistry  of  the  basic 
carbon  chain  in  the  Baustdne  or  monosaccharides  of  this  group. 
Sir  Norman  Haworth  utilized  methylation  techniques  to  determine 
the  ring  sizes  of  the  monosaccharides  and  to  fix  the  points  of  gly- 
cosidic  union  in  the  principal  disaccharides  and  polysaccharides. 
Claude  S.  Hudson  gave  his  main  attention  to  the  nature  of  the 
stereochemistry  of  the  reducing  or  hemiacetal  carbon  of  the  sugars. 

Hudson  began  his  work  by  studying  certain  physicochemical  as- 
pects of  sugar  solutions,  utilizing  first  the  two  known  crystalline 
forms  of  the  disaccharide  lactose.  It  was  shown  that  the  mutarota- 
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tion,  in  aqueous  solution,  of  these  anomeric  forms,  followed  first 
order  kinetics  with  the  specific  reaction  constant  being  the  same  for 
either  form.  These  studies  were  later  extended,  with  like  results,  to 
the  anomeric  forms  of  D-glucose.  Hudson  then  elaborated  his  theory 
of  the  maximum  rate  of  solution  whereby  the  rotation  of  an  un- 
known anomer  could  be  evaluated  by  measuring  the  solubility  and 
polarimetric  changes  with  time  in  a  solution  saturated  with  respect 
to  the  known  anomer.  The  tnutarotation  of  D-glucose  in  water  was 
shown  to  be  subject  to  general  acid-base  catalysis  expressible  in  the 
equation 


This  equation  shows  that  the  catalytic  activity  of  hydroxyl  ions  is 
40,000  times  that  of  hydrogen  ions  and  the  first  term  of  the  equa- 
tion allows  the  ionic  dissociation  of  water  to  be  evaluated  as  i.o 
Xio"14  at  25°.  Continued  interest  in  the  solid  phases  of  sugars  led 
to  the  establishment  of  molecular  compounds  between  them  and  to 
interesting  studies  on  the  anomeric  nature  of  sugar  racemates.  The 
sugars  form  molecular  compounds  with  halides  and  a  number  of 
these  were  characterized  as  to  anomeric  form;  an  unstable  hydrogen 
chloride  addition  compound  of  methyl  a-D-fructofuranoside  was 
encountered. 

In  the  course  of  these  studies,  concerned  essentially  with  the  phys- 
icochemical  properties  of  sugar  solutions,  it  was  necessary  to  pre- 
pare numerous  sugars  in  a  high  state  of  purity.  Thus  arose  the  many 
publications  concerned  with  the  preparation  of  sugars  from  their 
natural  sources.  Sugar  chemists  know  that  these  preparative  direc- 
tions of  Hudson  are  exact  and  unfailing,  and  they  have  been  of  in- 
estimable value.  Strangely,  Hudson  received  some  criticism  of  these 
publications  and  even  had  a  few  refused  by  editors  on  the  grounds 
that  the  directions,  which  indeed  made  the  difference  between 
crystals  at  the  finish  or  no  crystals,  were  of  insufficient  novelty.  His 
last  publication  along  these  lines  appeared  in  1951  and  was  entitled 
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"Improvements  in  the  Preparation  of  L-Arabinose  from  Mesquite 
Gum/' 

Hudson  was  always  a  lone  worker  and  was  a  member  of  no  school. 
His  early  training  in  physics  gave  him  an  exactitude  in  measure- 
ment and  thought,  while  his  association  with  the  great  and  imagina- 
tive Van't  Hoff,  though  short,  exerted  a  profound  impression  upon 
him.  Van't  Hoff  had  published  some  speculations  on  "optical 
superposition"  or  the  possible  additive  nature  of  optical  rotatory 
power.  More  data  were  required,  and  Hudson  recognized  that  in  the 
carbohydrates  there  was  at  hand  the  largest  known  group  of  optically 
active  isomers  of  known  configuration  which  would  be  ideal  for  the 
further  exploration  of  these  effects.  In  his  lactone  rule  formulation 
he  noted  that  the  optical  rotatory  sign  of  an  aldonic  acid  lactone,  of 
significant  rotation,  was  controlled  by  the  configuration  of  the  car- 
bon bearing  the  hydroxyl  group  involved  in  the  ring  closure.  The 
rotatory  sign  of  the  amides,  phenylhydrazides,  and  benzimidazoles 
of  the  aldonic  acids  was  shown  to  be  conditioned  by  the  configura- 
tion of  the  center  adjacent  to  the  carboxyl  function. 

That  part  of  the  study  of  the  relation  between  structure  and  rota- 
tory power  which  occupied  Hudson  for  the  greater  part  of  his  life 
was  concerned  with  the  contribution  made  by  the  anomeric  carbon 
center  of  the  sugars.  It  was  elaborated  in  his  rules  of  isorotation, 
which  state  that  if  the  rotation  is  divided  into  that  (A)  contributed 
by  the  anomeric  center  and  that  ($)  of  the  remaining  centers,  then, 
in  any  anomeric  pair,  the  sum  of  their  molecular  rotations  is  a  con- 
stant characteristic  of  the  B  portion  and  the  difference  is  a  constant 
characteristic  of  the  A  part. 

For  the  OC-D  anomer,  AJrB=[M] 
For  the  (3-D  anomer,  — AJrB=[M] 

When  Hudson  began  this  work,  anomeric  forms  had  frequently  not 
been  well  separated  and  a  state  of  confusion  existed  in  their  nomen- 
clature. He  brought  order  in  with  his  rule,  originally  empirical,  that 
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the  more  dextrorotatory  (D  series)  member  of  an  anomeric  pair 
was  to  be  designated  a  and  its  hydroxyl,  or  substituted  hydroxyl,  was 
to  be  written  to  the  right  in  the  Fischer  projection  formula. 
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These  modified  rules  of  optical  superposition  were  found  to  have 
limitations  because  the  effects  were  partly  constitutive  and  not  strictly 
colligative.  Nevertheless,  they  hold  remarkably  well  in  closely  re- 
lated structures  and  are  infallible  for  making  anomeric  assignments. 

Hudson  found  in  the  acetates  of  the  sugars  a  fruitful  source  of 
readily  prepared  and  easily  purified  anomers.  When  the  acetates 
failed  to  yield  good  derivatives,  as  in  the  pentose  series,  the  benzoates 
proved  useful.  A  handicap  to  the  sugar  chemist  is  the  unavailability 
of  many  of  the  fundamental  hexose  structures.  Hudson  overcame 
this  by  finding  most  of  these  structures  available  in  the  higher  sugars. 
Thus,  while  D-gulose  is  a  sirup  and  difficulty  preparable,  the  "a-d~ 
glucoheptose"  (i>-glycero~D-gulo-htptost)  of  Emil  Fischer  is  a  readily 
crystallizable  and  available  sugar  which  bears  the  D-gulose  structure 
in  its  aldose-functioning  portion.  The  first  evidence,  on  a  crystalline 
basis,  for  a  second  ring  form  in  a  sugar  was  provided  in  1916  by  the 
characterization  of  the  four  isomeric  pentaacetates,  in  two  anomeric 
pairs,  of  D-galactose. 

Application  of  the  a-glycol-splitting  metaperiodate  ion  oxidant  to 
the  sugar  glycosides  resulted  in  a  confirmation  of  their  ring  size, 
established  first  in  other  laboratories  by  methylation  techniques,  and 
a  configurational  correlation  between  anomers  of  different  sugar 
structures.  Thus,  it  was  found  that  all  of  the  more  dextrorotatory 
anomeric  methyl  D-pentopyranosides  did  indeed  have  the  same  order 
of  groups  about  the  anomeric  carbon.  It  had  been  considered  that 
the  arabinose  structure  might  provide  an  exception  to  the  Hud- 
son anomeric  nomenclature  rules,  but  this  was  found  to  be  not  the 
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case.  The  anomeric  configurations  and  ring  structures  of  the  unsub- 
stituted  sugars  are  difficult  to  ascertain  by  direct  methods  but  insight 
into  this  problem  was  obtained  by  the  initiation  of  kinetic  studies  on 
the  oxidation  of  aldoses  with  hypobromite  ion. 
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The  mysteries  of  carbohydrate  enzymic  action  always  intrigued 
Hudson.  His  early  studies  on  the  hydrolysis  of  sucrose  with  invertase 
constitute  one  of  the  first  proofs  that  enzymic  reactions  can  follow 
the  laws  of  mass  action.  He  established  that  the  action  of  invertase 
on  sucrose  was  irreversible.  He  studied  the  rapid  hydrolysis  of 
sucrose  with  massive  amounts  of  invertase  (1908-1909)  and  demon- 
strated that  the  B-glucose  component  was  liberated  as  a-D-glucopy- 
ranose  and  that  the  D-fructose  component  initially  freed  did  not  cor- 
respond to  any  known  form  of  this  sugar.  It  was  later  shown  in  other 
laboratories  that  D-fructose  was  combined  in  sucrose  as  the  furanose 
ring  form.  The  anomeric  form  of  the  D-fructofuranose  component 
of  sucrose  was  established  as  (3  by  demonstrating  that  invertase  hydro- 
lyzed  only  (3-D-fructofuranosides,  a  circumstance  which  allowed  the 
a-D  anomers  to  be  isolated  from  their  synthetic  anomeric  mixtures. 
Hudson  carried  out  many  studies  on  the  purification  of  invertase 
but  this  problem  is  still  unsolved. 

Hudson  always  insisted  on  maintaining  his  carbohydrate  research 
on  a  crystalline  basis.  He  was  therefore  greatly  pleased  when  J.  B. 
Sumner  prepared  jack  bean  urease  in  crystalline  form  and  showed 
that  it  was  an  intact  protein.  He  remarked  at  the  time  that  this 
formed  an  important  milestone  in  the  development  of  enzyme 
chemistry.  He  was  likewise  intrigued  by  the  Bacillus  macerans 
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which  produced  crystalline  cyclodextrins  from  starches.  The  en- 
zyme responsible  for  this  action  was  isolated  in  extract  form  and 
named  Bacillus  macerans  amylase.  The  selective  oxidizing  action  on 
alditols,  undoubtedly  enzymic,  of  the  "mother  of  vinegar"  organisms 
Acctobacter  xylinum  and  Acctobactcr  suboxydans,  was  exploited  for 
synthetic  purposes  and  the  latter  organism  was  shown  to  require  the 

OH  OH  OH  OH 

terminal  structure— C  —  C—CH2OH  or— C  — C— CHOH(CH3) 

H     H  H     H 

for  action. 

Ketoses  differ  markedly  in  reactivity  from  the  aldoses.  Crystalline 
acetates  of  D-fructose  were  characterized  and  new  fructosides  were 
prepared.  D-#//ro-Heptulose  ("sedoheptose")  was  found  in  Sedum 
spectabile  and  now  occupies  a  prominent  position  in  the  carbon  fix- 
ation cycle  of  photosynthesis,  v-manno-lltptulosz  and  lactulose  were 
synthesized  by  the  action  of  dilute  alkali  upon  the  appropriate  aldose. 
Turanose,  one  of  the  disaccharide  scission  products  of  the  trisaccha- 
ride  melezitose,  was  crystallized  and  shown,  by  very  clever  and 
unique  experiments,  to  be  3-o-D-glucopyranosyl-D-fructose.  As  men- 
tioned above,  other  ketoses  were  prepared  by  the  action  of  Aceto- 
bactcr  suboxydans  upon  alditols. 

In  order  to  establish  the  configuration  of  the  higher  sugars,  the 
preparation  of  their  alditols  was  requisite  and  a  number  of  these 
were  characterized.  A  very  comprehensive  program  on  the  estab- 
lishment of  the  nature  of  the  cyclic  acetals  of  the  pentitols  and  hexi- 
tols  was  carried  through  successfully  and  led  to  the  formulation  of 
rules  on  the  relationship  between  the  configuration  of  an  alditol  and 
the  structures  favored  in  its  cyclic  acetals.  Reductive  desulfurization 
was  utilized  to  prove  that  natural  polygalitol  is  i,5-anhydro-D-glucitol 
and  to  confirm  the  structure  of  natural  styracitol  as  i,5-anhydro- 
D-mannitol.  The  reaction  was  extended  to  other  sugars. 

The  formation  of  anhydro  sugars  by  the  pyrolysis  of  oligosaccha- 
rides  and  polysaccharides  was  explored.  The  O-isopropylidene  deriv- 
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atives  were  found  to  be  useful  in  their  isolation  and  purification.  The 
main  product,  from  the  aldoses  studied,  was  the  i,6-anhydro-(3-D- 
glycopyranose,  with  an  isomeric  anhydride  also  being  isolated  in  the 
D-galactose  series;  this  was  proved  later,  in  another  laboratory,  to 
have  the  i,6-anhydro-a-D-galactofuranose  structure.  "Sedoheptulo- 
san,"  the  nonreducing  anhydride  of  "sedoheptose"  that  was  early  dis- 
covered to  be  formed  in  high  yield  by  the  action  of  hot  dilute  acid 
on  the  reducing  sugar,  was  proved  to  have  the  2,7-anhydro-^-D-^fero- 
heptulopyranose  structure  and  to  be  thus  related  to  the  i,6-anhydro- 
p-D-aldohexopyranoses.  D-Altrose,  D-/^«9-heptulose,  L-£&/0-heptulose 
and  v-glycero-D-ido-hzptosz  formed  similar  anhydrides  under  acidic 
conditions.  The  formation  of  the  i,6-anhydro-p-D-aldopyranoses  by 
the  action  of  alkali  on  aryl  (3-o-aldopyranosides  was  elaborated.  1,6- 
Anhydro-2,3~O4sopropylidene-(}-D-mannopyranose  was  utilized  in 
the  first  syntheses  of  lactose,  cellobiose  and  their  2-epimers. 

Hudson  early  utilized  the  reaction  by  which  a  (3-D  acetate  was  con- 
verted to  an  a-D  acetate  (the  reverse  occurs  in  the  arabinose  structure) 
by  zinc  chloride  in  acetic  anhydride.  He  later  preferred  sulfuric  acid 
for  this  anomeric  conversion.  A  striking  result  was  obtained  when  it 
was  established  that  aluminum  chloride  converted  the  octaacetates 
of  lactose  and  cellobiose  in  chloroform  solution,  into  hepta-0-acetyl- 
disaccharide  chlorides  in  which  the  configuration  of  carbons  two 
and  three  of  the  D-glucose  moiety  had  been  inverted. 

The  optical  rotation  of  one  of  the  pentaacetates  of  D-fructose  did 
not  conform  to  Hudson's  isorotation  rules  and  this  was  later  shown, 
in  another  laboratory,  to  be  an  acyclic  form  designated  keto-v- 
fructose  pentaacetate.  Other  laboratories  then  proved  that  this  was 
the  usual  occurrence  in  the  direct  acetylation  of  ketoses  with  acid 
catalysts  at  low  temperatures.  Two  hexaacetates  of  the  aldoheptose 
v-glycero-v-galacto-htplose,  earlier  designated  J-a-mannoheptose, 
had  been  prepared  in  Hudson's  laboratory  in  1924  by  hot  acetylation 
of  the  aldose  with  sodium  acetate  and  acetic  anhydride.  Ten  years 
later  one  of  these  was  proved  to  be  v-glycero-aldehydo-D-galacto-htp~ 
tose  hexaacetate.  Acyclic  acetates  were  encountered  in  the  acetolysis 
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of  methyl  (3-D-arabinopyranoside  and  in  a  series  of  unique  reactions 
these  were  converted  to  the  first  known  acyclic  acetal  in  the  sugar 
series,  D-arabinose  dimethyl  acetal. 

The  greater  stability  toward  acids  of  the  benzoate  over  the  acetate 
ester  group  allowed  significant  studies  to  be  carried  out  on  the  re- 
action of  the  poly-0-benzoyl-aldosyl  halides  with  alcohols. 

Triphenylmethyl  (trityl)  chloride  reacts  preferentially  with  pri- 
mary alcohols  but  it  was  shown  that  it  could  react  also,  under  "forc- 
ing" conditions,  with  secondary  alcohols. 

The  phenylosazones  are  greatly  overrated  for  derivatizing  sugars. 
A  much  better  derivative,  the  phenylosotriazole,  was  discovered  in 
Hudson's  laboratory  as  an  oxidation  product  of  the  phenylosazone 
with  cupric  ion.  Fehling  solution  is  an  asymmetric  alkaline  copper 
oxidizing  agent  utilizing  a  cupric  L-(J<?#2r0)-tartrate  complex.  In- 
teresting changes  were  noted  when  the  enantiomorphous  v-(levo)~ 
tar tr ate  was  employed. 

Because  of  his  emphasis  upon  crystalline  products,  polysaccharides 
did  not  interest  Hudson  a  great  deal  However,  pioneering  work 
was  carried  out  on  the  periodate  oxidation  of  cellulose  and  starch. 

In  the  above  brief  recapitulation  of  the  highlights  in  the  work  of 
the  Hudson  laboratory,  no  credit  to  co-workers  or  to  other  labora- 
tories has  been  cited.  The  many  co-workers'  names  are  to  be  found 
in  the  Bibliography.  The  work  of  Claude  S.  Hudson  and  his  asso- 
ciates will  long  stand  as  a  monument  of  rigorous  mathematical 
reasoning,  exceptional  clarity,  and  experimental  cleverness. 

We  desire  to  thank  Dr.  Nelson  K.  Richtmyer,  of  the  National  In- 
stitutes of  Health,  Bethesda,  Maryland,  for  valued  assistance  in  pre- 
paring this  memoir. 


198  BIOGRAPHICAL    MEMOIRS 

KEY  TO  ABBREVIATIONS 

Am.  Food  J.  =  The  American  Food  Journal 

Bur.  Standards  J.  Research  =  Bureau  of  Standards  Journal  of  Research 
J.  Am.  Chem.  Soc.  — Journal  of  the  American  Chemical  Society 
J.  Biol.  Chem.  =  The  Journal  of  Biological  Chemistry 
J.  Chem.  Educ.  =  Journal  of  Chemical  Education 

J.  Ind.  Eng.  Chem.  — The  Journal  of  Industrial  and  Engineering  Chemistry 
J.  Org.  Chem.  =  The  Journal  of  Organic  Chemistry 
Phys.  Rev.  =  The  Physical  Review 

U.  S.  Dept.  Agr.,  Bur.  Chem.  Circ.  =  United  States  Department  of  Agricul- 
ture, Bureau  of  Chemistry  Circular 
Z.  physik.  Chem.^Zeitschrift  fur  physikalische  Chemie 

BIBLIOGRAPHY 

1902 
The  Forms  of  Milk  Sugar.  Princeton  University  Bulletin,  13:62-66. 

1903 

tiber  die  Multirotation  des  Milchzuckers  (On  the  Mutarotation  of  Milk 
Sugar).  Z.  physik.  Chem.,  44:487-94. 

1904 

Die  gegenseitige  Loslichkeit  von  Nikotin  in  Wasser  (The  Reversible 
Solubility  of  Nicotine  in  Water).  Z.  physik.  Chem.,  47:113-15. 

The  Hydration  of  Milk  Sugar  in  Solution.  J.  Arn.  Chem.  Soc.,  26:1065-82 
Z.  physik.  Chem.,  50:273-90. 

1905 

Application  of  the  Hypothesis  of  Dissolved  Ice  to  the  Freezing  of  Water 
and  of  Dilute  Solutions.  Phys.  Rev.,  21 116-26. 

1906 

The  Freezing  of  Pure  Liquids  and  Solutions  under  Various  Kinds  of 
Positive  and  Negative  Pressure  and  the  Similarity  between  Osmotic 
and  Negative  Pressure.  Phys.  Rev.,  22:257-64. 

Hydration  in  Solution.  Phys.  Rev.,  23:370-81. 

1907 

The  Catalysis  by  Acids  and  Bases  of  the  Mutarotation  of  Glucose.  J.  Am. 
Chem.  Soc.,  29:1571-76. 


CLAUDE    SILBERT    HUDSON  199 

1908 

With  C.  M.  Garland.  Tests  of  a  Liquid  Air  Plant.  University  o£  Illinois 
Engineering  Experiment  Station  Bulletin  21,  March  i,  1908,  20  pages. 

The  Heats  of  Solution  of  the  Three  Forms  of  Milk  Sugar.  J.  Am.  Chem. 
Soc.,  30:960-71. 

The  Inversion  of  Cane  Sugar  by  Invertase.  J.  Am.  Chem.  Soc.,  30:1160-66. 

The  Inversion  of  Cane  Sugar  by  Invertase.  II,  J.  Am.  Chem.  Soc.,  30: 
1564-83. 

Further  Studies  on  the  Forms  of  Milk  Sugar.  J.  Am.  Chem.  Soc.,  30: 


. 

Loslichkeitsbeeinflussung  durch  Hydratbildung  in  Losung  (Hydration  in 
Solution  as  the  Cause  of  Certain  Solubility  Influences).  Zeitschrift  fur 
Elektrochemie  und  angewandte  physikalische  Chemie,  14:821-23  J. 
Am.  Chem.  Soc.,  31  :63~66  (1909). 

1909 

The  Significance  of  Certain  Numerical  Relations  in  the  Sugar  Group. 

J.  Am.  Chem.  Soc.,  31  :66-86. 
The  Inversion  of  Cane  Sugar  by  Invertase.  III.  J.  Am.  Chem.  Soc.,  31  : 

655-64- 
A  New  Method  for  Measuring  the  Electrolytic  Dissociation  of  Water. 

J.  Am.  Chem.  Soc.,  31:1136-38;  U.  S.  Dept.  Agr.,  Bur.  Chem.  Circ.  45, 
Sept.  i. 

With  H.  S.  Paine.  The  Hydrolysis  of  Salicin  by  the  Enzyme  Emulsin. 
J.  Am.  Chem.  Soc.,  31:1242-48;  U.  S.  Dept.  Agr.,  Bur.  Chem.  Circ.  47, 

Nov.  8. 

1910 

A  Relation  between  the  Chemical  Constitution  and  the  Optical  Rotatory 

Power  of  the  Sugar  Lactones.  J.  Am.  Chem.  Soc.,  32:338-46;  U.  S.  Dept. 

Agr.,  Bur.  Chem.  Circ.  49,  Jan.  24. 
The  Quantitative  Determination  of  Cane  Sugar  by  the  Use  of  Invertase. 

J.  Ind.  Eng.  Chem.,  2:143-46;  U.  S.  Dept.  Agr.,  Bur.  Chem.  Circ.  50, 

Feb.  2. 
With  H.  S.  Paine.  The  Inversion  of  Cane  Sugar  by  Invertase.  IV.  The  In- 

fluence of  Acids  and  Alkalies  on  the  Activity  of  Invertase.  J.  Am.  Chem. 

Soc.,  32:774-79;  U.  S.  Dept.  Agr.,  Bur.  Chem.  Circ.  55,  Apr.  22. 
Is  the  Hydrolysis  of  Cane  Sugar  by  Acids  a  Unimolecular  Reaction  when 

Observed  with  a  Polariscope?  J.  Am.  Chem.  Soc.,  32:885-89. 


200  BIOGRAPHICAL    MEMOIRS 

A  Review  of  Discoveries  on  the  Mutarotation  of  the  Sugars.  J.  Am.  Chem. 

Soc.,  32:889-94. 
With  H.  S.  Paine.  The  Inversion  of  Cane  Sugar  by  Invertase.  V.  The 

Destruction  of  the  Enzyme  Invertase  by  Acids,  Alkalies  and  Hot  Water. 

J.  Am.  Chem.  Soc.,  32:985-89;  U.  S.  Dept.  Agr.,  Bur.  Chem.  Circ.  59, 

June  22. 
The  Inversion  of  Cane  Sugar  by  Invertase.  VI.  A  Theory  of  the  Influence 

of  Acids  and  Alkalies  on  the  Activity  of  Invertase.  J.  Am.  Chem.  Soc., 

32:1220-22;  U.  S.  Dept.  Agr.,  Bur.  Chem.  Circ.  60,  July. 
With  H.  S.  Paine.  The  Inversion  of  Cane  Sugar  by  Invertase.  VII.  The 

Effect  of  Alcohol  on  Invertase.  J.  Am.  Chem.  Soc.,  32:1350-57;  U.  S. 

Dept.  Agr.,  Bur.  Chem.  Circ.  58,  July  30. 

1911 

The  Stereochemical  Configurations  of  the  Sugars  Fucose  and  Rhodeose. 
J.  Am.  Chem.  Soc.,  33:405-10. 


The  Origin  of  Confectionery.  Address  delivered  at  the  3oth  Annual 
Convention  of  the  National  Confectioners'  Association,  Cleveland,  Ohio, 
June  1  8,  1913.  Reprinted  in  The  Collected  Papers  of  C.  S.  Hudson, 
II,  1493-98. 

1914 

The  Inversion  of  Sucrose  by  Invertase.  VIII.  An  Improved  Method  for 

Preparing  Strong  Invertase  Solutions  from  Top  or  Bottom  Yeast.  J. 

Am.  Chem.  Soc.,  36:1566-71. 
With  H.  S.  Paine.  The  Inversion  of  Sucrose  by  Invertase.  IX.  Is  the  Re- 

action Reversible?  J.  Arn.  Chem.  Soc.,  36:1571-81. 
With  T.  S.  Harding.  The  Preparation  of  Raffinose.  J.  Chem.  Soc.,  36: 

2110-14. 

1915 

With  J.  K.  Dale.  A  Comparison  of  the  Optical  Rotatory  Powers  of  the 

Alpha  and  Beta  Forms  of  Certain  Acetylated  Derivatives  of  Glucose. 

J.  Am.  Chem.  Soc.,  37:1264-70. 
With  J.  M.  Johnson.  The  Isomeric  Octacetates  of  Lactose.  J.  Arn.  Chem. 

Soc.,  37:1270-75. 
With  J.  M.  Johnson.  The  Isomeric  Alpha  and  Beta  Octacetates  of  Maltose 

and  of  Cellulobiose.  J.  Am.  Chem,  Soc.,  37:1276-80. 


CLAUDE    SILBERT    HUDSON  201 

With  J.  K.  Dale.  The  Isomeric  Pentacetates  of  Mannose.  J.  Am.  Chem. 
Soc,  37:1280-82. 

With  D.  H.  Brauns.  Crystalline  ^-Fructose  Pentacetate.  J.  Am.  Chem. 
Soc.,  37:1283-85. 

With  H.  O.  Parker.  Conversion  of  Galactose  Pentacetate  to  an  Isomeric 
Form.  J.  Am.  Chem.  Soc.,  37:1589-91. 

The  Existence  of  a  Third  Crystalline  Pentacetate  of  Galactose.  J.  Am. 
Chem.  Soc.,  37:1591-93. 

With  T.  S.  Harding.  The  Estimation  of  Raffinose  by  Enzymatic  Hydroly- 
sis. J.  Am.  Chem.  Soc.,  37:2193-98. 

With  T.  S.  Harding.  The  Preparation  of  Melibiose.  J.  Am.  Chem.  Soc., 
37:2734-36. 

With  D.  H.  Brauns.  A  Second  Crystalline  ^-Fructose  Pentacetate  (a.-d- 
Fructose  Pentacetate).  J.  Am.  Chem.  Soc.,  37:2736-45. 

With  J.  M.  Johnson.  The  Isomeric  Tetracetates  of  Xylose,  and  Observa- 
tions Regarding  the  Acetates  of  Melibiose,  Trehalose  and  Sucrose.  J. 
Am.  Chem.  Soc.,  37:2748-53. 

1916 

The  Acetyl  Derivatives  of  the  Sugars.  J.  Ind.  Eng.  Chem.,  8:380-82. 

With  D.  H.  Brauns.  Crystalline  (3-Methyl  Fructoside  and  its  Tetracetate. 
J.  Am.  Chem.  Soc.,  38:1216-23. 

With  J.  M.  Johnson.  A  Fourth  Crystalline  Pentacetate  of  Galactose  and 
Some  Related  Compounds.  J.  Am.  Chem.  Soc.,  38:1223-28. 

With  J.  K.  Dale.  The  Isomeric  Pentacetates  of  Glucosamine  and  of 
Chondrosamine.  J.  Am.  Chem.  Soc.,  38:1431-36. 

Some  Numerical  Relations  Among  the  Rotatory  Powers  of  the  Compound 
Sugars.  J.  Am.  Chem.  Soc.,  38:1566-75. 

With  E.  Yanovsky.  The  Isomeric  Alpha  and  Beta  Hexacetates  of  a-Glu- 
coheptose.  J.  Am.  Chem.  Soc.,  38:1575-77. 

With  R.  Sayre.  The  Optical  Rotatory  Powers  of  Some  Acetlylated  Deriva- 
tives of  Maltose,  Cellose  and  Lactose.  J.  Am.  Chem.  Soc.,  38:1867-73. 

1917 

With  J.  K.  Dale.  Studies  on  the  Forms  of  ^-Glucose  and  their  Mutarota- 

tion.  J.  Am.  Chem.  Soc.,  39:320-28. 
A  Relation  between  the  Chemical  Constitution  and  the  Optical  Rotatory 

Power  of  the  Phenylhydrazides  of  Certain  Acids  of  the  Sugar  Group. 

J.  Am.  Chem.  Soc.,  39 :4 


202  BIOGRAPHICAL    MEMOIRS 

With  H.  L.  Sawyer.  The  Preparation  of  Pure  Crystalline  Mannose  and 
a  Study  of  its  Mutarotation.  J.  Am.  Chem.  Soc.,  39:470-78. 

With  E.  Yanovsky.  Indirect  Measurements  of  the  Rotatory  Powers  of 
Some  Alpha  and  Beta  Forms  of  the  Sugars  by  Means  of  Solubility  Ex- 
periments. J.  Am.  Chem.  Soc.,  39:1013-38. 

With  T.  S.  Harding.  The  Preparation  of  Xylose.  J.  Am.  Chem.  Soc.,  39: 
1038-40. 

With  F.  B.  LaForge.  Sedoheptose,  a  New  Sugar  from  Sedum  spectabile. 
I.  J.  Biol.  Chem.,  30:61-77. 

With  J.  M.  Johnson.  The  Rotatory  Powers  of  Some  New  Derivatives  of 
Gentiobiose.  J.  Am.  Chem.  Soc.,  39:1272-77. 

1918 

American  Sources  of  Supply  for  the  Various  Sugars.  J.  Ind.  Eng.  Chem., 

10:176-78. 
The  Rotatory  Powers  of  the  Amides  of  Active  a-Hydroxy  Acids.  J.  Am. 

Chem.  Soc.,  40:813-17. 
With  J.  K.  Dale.  The  Isomeric  Tetracetates  of  /-Arabinose  and  Beta- 

triacetyl-methyl-/-arabinoside.  J.  Am.  Chem.  Soc.,  40 :992-~97. 
With  J,  K.  Dale.  TriacetyW-xylose  and  Alpha-triacetyl-methy W-xyloside. 

J.  Am.  Chem.  Soc.,  40:997-1001. 
With  L.  H.  Chernoff .  Methyltetronic  Acid  and  its  Amide.  J.  Am.  Chem. 

Soc.,  40:1005-7. 
With  S.  F.  Sherwood.  The  Occurrence  of  Melezitose  in  a  Manna  from 

the  Douglas  Fir.  J.  Am.  Chem.  Soc.,  40:1546-60. 
With  T.  S.  Harding.  The  Preparation  of  Xylose  from  Corn  Cobs.  J.  Am. 

Chem.  Soc.,  40:1601-2. 
With  F.  B.  La  Forge.  The  Preparation  of  Several  Useful  Substances  from 

Corn  Cobs.  J.  Ind.  Eng.  Chem.,  10:925-27. 

1919 

With  K.  P.  Monroe.  The  Amide  of  a-J-Mannoheptonic  Acid.  J.  Am. 
Chem.  Soc.,  41:1140-41. 

With  S.  Komatsu.  The  Rotatory  Powers  of  the  Amides  of  Several  a-Hy- 
droxy Acids  of  the  Sugar  Group.  J.  Am.  Chem.  Soc.,  41  :i  141-47. 

1920 

With  S.  F.  Sherwood.  The  Occurrence  of  Melezitose  in  Honey.  J.  Am. 
Chem.  Soc.,  42:116-25. 


CLAUDE    SILBERT    HUDSON  203 

With  J.  K.  Dale.  Sugar-Cane  Juice  Clarification  for  Sirup  Manufacture. 
U.  S.  Dept.  Agr.  Bulletin  921,  Nov.  9.  15  pp. 

1921 
"Sugola,"  A  New  Type  of  Sirup.  Am.  Food  J.,  16(4)  :ii-i3. 

1922 

With  J.  K.  Dale.  Invertase  Process  of  Manufacturing  Sirup.  Am.  Food  J., 
17(8)  127-29. 

1924 

Relations  between  Rotatory  Power  and  Structure  in  the  Sugar  Group.  I. 

The  Halogen-acyl  and  Nitro-acyl  Derivatives  of  the  Aldose  Sugars.  J. 

Am.  Chem.  Soc,  46:462-77. 
Relations  between  Rotatory  Power  and  Structure  in  the  Sugar  Group. 

II.  The  Halogen-acetyl  Derivatives  of  a  Ketose  Sugar  ( J-Fructose) . 
J.  Am.  Chem.  Soc.,  46:477-83. 

Relations  between  Rotatory  Power  and  Structure  in  the  Sugar  Group. 

III.  The  Biose  of  Amygdalin  (Gentiobiose)  and  its  Configuration.  J. 
Am.  Chem.  Soc.,  46:483-89. 

With  K.  P.  Monroe.  Relations  between  Rotatory  Power  and  Structure  in 
the  Sugar  Group.  IV.  Two  Isomeric  Crystalline  Hexa-acetates  of  Dex- 
tro-alpha-mannoheptose.  J.  Am.  Chem.  Soc.,  46:979-83. 

With  F.  P.  Phelps.  Relations  between  Rotatory  Power  and  Structure  in 
the  Sugar  Group.  V.  The  Chloro-  and  Bromo-acetyl  Derivatives  of 
Arabinose.  The  Nomenclature  of  Alpha  and  Beta  Forms  in  the  Sugar 
Group.  Some  Derivatives  of  i,6-Bromo-acetyl  Glucose,  Gentiobiose  and 
Maltose.  }.  Am.  Chem.  Soc.,  46:2591-604. 

1925 

Relations  between  Rotatory  Power  and  Structure  in  the  Sugar  Group. 
VL  The  Rotatory  Powers  of  the  Alpha  and  Beta  Forms  of  Methyl 
^-Xyloside  and  of  Methyl  /-Arabinoside.  J.  Am.  Chem.  Soc.,  47:265-68. 

Relations  between  Rotatory  Power  and  Structure  in  the  Sugar  Group. 

VII.  The  Methyl  Glycosidic  Derivatives  of  the  Sugars.  J.  Am.  Chem. 
Soc.,  47:268-80. 

Relations  between  Rotatory  Power  and  Structure  in  the  Sugar  Group. 

VIII.  Some  Terpene  Alcohol  Glycosides  of  Glucose,  Glucuronic  Acid, 
Maltose  and  Lactose.  J.  Am.  Chem.  Soc.,  47:537-43- 


204  BIOGRAPHICAL   MEMOIRS 

Relations  between  Rotatory  Power  and  Structure  in  the  Sugar  Group. 
IX.  The  Rotation  of  the  Alpha  Form  of  Methyl  Gentiobioside  Re- 
cently Synthesized  by  Helferich  and  Becker.  J.  Am.  Chem.  Soc,  47: 
872-73. 

With  A.  Kunz.  Relations  between  Rotatory  Power  and  Structure  in  the 
Sugar  Group.  X.  The  Chloro-,  Bromo-  and  lodo-acetyl  Derivatives  of 
Lactose.  J.  Am.  Chem.  Soc.,  47:2052-55. 

1926 

With  H.  Pringsheim  and  J.  Leibowitz.  Relations  between  Rotatory 
Power  and  Structure  in  the  Sugar  Group,  XL  The  Related  Rotations 
of  Amylobiose,  Amylotriose  and  Glucose.  J.  Am.  Chem.  Soc,,  48:288-91. 

With  F.  P.  Phelps.  Relations  between  Rotatory  Power  and  Structure  in 
the  Sugar  Group.  XII.  The  Preparation  and  Properties  of  Pure  Alpha- 
methyl  ^-Lyxoside.  J.  Am.  Chem.  Soc.,  48:503-7, 

Relations  between  Rotatory  Power  and  Structure  in  the  Sugar  Group. 
XIIL  A  Classification  of  Various  Substances  of  the  Mannose  and 
Rhamnose  Series  According  to  Ring  Types.  J.  Am.  Chem.  Soc.,  48: 
1424-34. 

Relations  between  Rotatory  Power  and  Structure  in  the  Sugar  Group. 
XIV.  The  Determination  of  Ring  Structures  in  the  Glucose,  Mannose 
and  Rhamnose  Series.  J.  Am.  Chem.  Soc.,  48:1434-43. 

With  A.  Kunz.  Relations  between  Rotatory  Power  and  Structure  in  the 
Sugar  Group.  XV.  Conversion  of  Lactose  to  Another  Disaccharide, 
Neolactose.  The  Chloro-hepta-acetate  and  Two  Octa-acetates  of  Neo- 
-  lactose.  J.  Am.  Chem.  Soc.,  48  :i978-84. 

Relations  between  Rotatory  Power  and  Structure  in  the  Sugar  Group. 
XVI.  Conversion  of  Cellobiose  to  Another  Disaccharide,  Celtrobiose,  by 
the  Aluminum  Chloride  Reaction.  Chloro-acetyl  Celtrobiose.  J.  Am. 
Chem.  Soc.,  48 :2002-4'. 

Relations  between  Rotatory  Power  and  Structure  in  the  Sugar  Group. 
Part  I.  Introductory  Article  and  Articles  i  to  10.  Scientific  Papers  of 
the  Bureau  of  Standards  (No.  533),  21:241-384. 

With  A.  Kunz.  Relations  between  Rotatory  Power  and  Structure  in  the 
Sugar  Group.  XVII.  The  Structure  of  Neolactose.  J.  Am.  Chem.  Soc., 
48:2435-39. 


CLAUDE    SILBERT   HUDSON  205 

1927 

Sugar  Chemistry,  in  A  Survey  of  American  Chemistry,  ed.  by  W.  J.  Hale 
and  C.  J.  West.  New  York,  pub.  for  National  Research  Council  by  The 
Chemical  Catalog  Co.,  Vol.  i  (July  i,  1925  to  July  i,  1926),  pp.  182-92. 

Sugar  Chemistry,  in  Annual  Survey  of  American  Chemistry,  ed.  by  C.  J. 
West.  New  York,  pub.  for  National  Research  Council  by  The  Chemical 
Catalog  Co.  Vol.  2  (July  i,  1926  to  July  i,  1927),  pp.  236-41. 

a  Methyl  Mannoside  (Mannoside,  a-methyl-,  d-}.  Organic  Syntheses, 
7:64-66;  also  in:  Organic  Syntheses,  Collective  Volume  i,  2nd  ed.,  New 
York,  J.  Wiley,  pp.  371-72. 

1928 

With  F.  P.  Phelps.  Relations  between  Rotatory  Power  and  Structure  in 
in  the  Sugar  Group.  XVIII.  Alpha-methyl  J-Lyxoside  Triacetate.  J. 
Am.  Chem.  Soc.,  50:2049-51. 

With  F.  B.  LaForge.  Note  Concerning  the  Identity  of  Volemitol  and  a- 
Sedoheptitol.  J.  Biol.  Chem.,  79  :i~3. 

Sugar  Chemistry,  in  Annual  Survey  of  American  Chemistry,  ed.  by  C.  J. 
West.  New  York,  pub.  for  National  Research  Council  by  The  Chem- 
ical Catalog  Co.,  Vol.  3,  July  i,  1927  to  July  i,  1928,  pp.  168-72. 

1929 

With  H.  S,  Isbell  Relations  between  Rotatory  Power  and  Structure  in 
the  Sugar  Group  XIX.  Improvements  in  the  Preparation  of  Aldonic 
Acids.  J.  Am.  Chem.  Soc.,  51:2225-29;  Bur.  Standards  J.  Research,  3: 
57-62. 

With  E.  Pacsu.  Crystalline  Turanose.  Science,  69:278. 

J930 
With  E.  L.  Jackson.  Relations  between  Rotatory  Power  and  Structure  in 

the  Sugar  Group.  XXIV.  The  Two  Crystalline  Lactones  of  /-Rham- 

nonic  Acid.  J.  Am.  Chem.  Soc.,  52:1270-75. 
Relations  between  Rotatory  Power  and  Structure  in  The  Sugar  Group. 

XXV.  The  Ring  Structures  of  Various  Monosaccharides.  J.  Am.  Chem. 
Soc.,  52:1680-1700. 

Relations  between  Rotatory  Power  and  Structure  in  the  Sugar  Group. 

XXVI.  The  Ring  Structures  of  Various  Compound  Sugars.  J.  Am. 
Chem.  Soc.,  52:1707-18, 


206  BIOGRAPHICAL    MEMOIRS 

With  Edna  M.  Montgomery.  Relations  between  Rotatory  Power  and 

Structure  in  the  Sugar  Group.  XXVII.  Synthesis  of  a  New  Disaccha- 

ride  Ketose  (Lactulose)  from  Lactose.  J.  Am.  Chem.  Soc.,  52:2101-06. 
With  E.  Pacsu.  Relations  between  Rotatory  Power  and  Structure  in  the 

Sugar  Group.  XXIX.  The  Preparation  of  Crystalline  Turanose.  J.  Am. 

Chem.  Soc.,  52:2519-24. 
With  J.  K.  Dale.  Relations  between  Rotatory  Power  and  Structure  in  the 

Sugar  Group.  XXX.  The  Alpha  and  Beta  Methyl-rf-galactosides  and 

their  Tetra-acetates.  J.  Am.  Chem.  Soc.,  52:2534-37. 
With  A.  J.  Watters.  The  Oxidation  of  Lactal.  J.  Am.  Chem.  Soc.,  52:3472- 

73- 


With  R.  C.  Hockett.  A  Novel  Modification  of  MethyW-xyloside.  J.  Am. 

Chem.  Soc.,  53:4454-55. 
With  R.  C.  Hockett.  A  Novel  Modification  of  Lactose.  J.  Am.  Chem. 

Soc.,  53:4455-56- 
With  R.  C.  Hockett.  The  Reaction  of  Several  Methylpentosides  and  of 

Alpha-Methylmannoside  with  Triphenylmethyl  Chloride.  J.  Am.  Chem. 

Soc.,  53  .-4456-57.  ^ 
Correlations  of  Optical  Rotatory  Power  and  Structure  in  the  Sugar  Group. 

In:  "Rapports  sur  les  Hydrates  de  Carbone  (Glucides),"  Dixieme  Con- 

ference de  1'Union  Internationale  de  Chimie,  Liege,  September,  1930, 

pp.  59-78. 

1932 

With  H.  S.  Isbell.  The  Course  of  the  Oxidation  of  the  Aldose  Sugars  by 
Bromine  Water.  Bur.  Standards  J.  Research,  8:327-38. 

*934 

With  C.  B.  Purves.  The  Analysis  of  Gamma-methylfructoside  Mixtures 

by  Means  of  Invertase.  I.  }.  Am.  Chem.  Soc.,  56:702-7. 
With  C.  B.  Purves.  The  Analysis  of  Gamma-methylfructoside  Mixtures 

by  Means  of  Invertase.  II.  The  Isolation  of  a  New  Crystalline  Methyl- 

fructoside.  J.  Am.  Chem.  Soc.,  56:708-11. 
With  R.  C.  Hockett.  The  Action  of  Triphenylmethyl  Chloride  on  a- 

Methyl-/-fucoside.  J.  Am.  Chem.  Soc.,  56:945-46. 
With  E.  L.  Jackson  and  R.  C.  Hockett.  Crystalline  Triphenylmethyl  De- 

rivatives of  3-MethyW-xyloside.  J.  Am.  Chem.  Soc.,  56:947-49. 


CLAUDE    SILBERT    HUDSON  207 

With  R.  M.  Hann.  The  Preparation  o£  Lactones  from  the  Phenylhydra- 

zides  of  the  Acids  of  the  Sugar  Group.  J.  Am.  Chem.  Soc.,  56:957-58. 
With  E.  L.  Jackson.  Improvements  in  the  Preparation  of  Crystalline 

J-Mannose.  J.  Arn.  Chem.  Soc.,  56:958-59. 
With  Olive  Hartley  and  C.  B.  Purves.  A  Convenient  Modification  of  the 

Kiliani  Synthesis  of  Higher-carbon  Acids  (or  Their  Lactones)  from 

Reducing  Sugars.  J.  Am.  Chem.  Soc.,  56:1248-49. 
With  R.  M.  Hann.  The  Synthesis  of  a  Lactose  Carboxylic  Acid  (^-fi-d- 

Galactosido-a-J-glucoheptonic  Acid).  J.  Am.  Chem.  Soc.,  56:1390-91. 
With  R.  C.  Hockett.  Improvements  in  the  Preparation  of  ^-Arabinose 

from  Calcium  Gluconate.  J.  Am.  Chem.  Soc.,  56:1632-33. 
With  R.  M.  Hann  and  Alice  T.  Merrill.  Preparation  of  Crystalline  (3-J- 

[a-Galaheptose],  J.  Am.  Chem.  Soc.,  56:1644. 
With  C.  B.  Purves.  The  Analysis  of  Gamma-methylfructoside  Mixtures 

by  Means  of  Invertase.  IV.  Behavior  of  Sucrose  in  Methyl  Alcohol  Con- 

taining Hydrogen  Chloride.  J.  Am.  Chem.  Soc.,  56:1973-77. 
With  Edna  Montgomery.  Studies  of  the  Forms  of  Arabinose.  J.  Am. 

Chem.  Soc.,  56:2074-76. 
With  R.  M.  Hann.  Aldehydo-J-j3-galaheptose  Hexaacetate.  J.  Am.  Chem. 

Soc.,  56:2080. 
With  A,  J.  Watters  and  R.  C.  Hockett.  Molecular  Combinations  of  3- 

MethyW-glucoside,  3-MethyW-xyloside  and  (3-Methyl-/-fucoside  with 

Potassium  Acetate.  J.  Am.  Chem.  Soc.,  56:2199. 
With  E.  L.  Jackson.  Certain  Derivatives  of  Z-a-Rhamnohexonic  Acid.  An 

Improved  Synthesis  of  /-a-Rhamnohexonic  Lactone.  J.  Am.  Chem.  Soc., 

56:2455-56. 
With  Edna  Montgomery.  Three  Crystalline  Hexaacetates  of  J-a-Manno- 

heptose.  J.  Am.  Chem.  Soc.,  56:2463-64. 
With  R.  M.  Hann.  The  Preparation  of  Alpha  Aldose  Acetates  from 

Acetylated  Glycosides.  J.  Am.  Chem.  Soc.,  56:2465-66. 


With  N.  K.  Richtmyer.  The  Rearrangement  of  Sugar  Acetates  by  Alumi- 

num Chloride.  Further  Studies  on  Neolactose  and  J-Altrose.  J.  Am. 

Chem.  Soc.,  57:1716-21. 
With  R.  C.  Hockett.  Emil  Fischer's  Assignment  of  Configuration  to  d- 

Glucose.  The  Pentaacetates  of  ^-Arabitol  and  J-Xylitol.  J.  Am.  Chem. 

Soc.,  57:1753. 
With  R.  M.  Hann  and  Alice  T.  Merrill.  Crystalline  J-Alpha-Galaheptose 

and  Some  of  Its  Derivatives.  J.  Am.  Chem.  Soc.,  57:2100-03. 


208  BIOGRAPHICAL    MEMOIRS 

1936 

With  E.  L.  Jackson.  The  Oxidation  of  Alpha-Methyl  J-Mannopyranoside. 


J.  Am.  Chem.  Soc.,  58  '-3 
With  J.  H.  Roe.  The  Utilization  of  ^-Mannoheptulos<?  (rf-Mannoketohep- 

tose)  by  Adult  Rabbits.  J.  Biol.  Chem.,  112:443-49. 
With  N.  K.  Richtmyer.  The  Rearrangement  of  Sugar  Acetates  by  Alumi- 

num Chloride.  Crystalline  Celtrobiose  and  Some  of  Its  Derivatives.  J. 

Am.  Chem.  Soc.,  58:2534-40. 
With  N.  K.  Richtmyer.  The  Asymmetric  Oxidation  of  Sugars  by  Op- 

tically Active  Alkaline  Copper  Solutions.  }.  Am.  Chem.  Soc.,  58:2540-44. 

1937 
With  C.  B.  Purves.  The  Analysis  of  Gamma-fructoside  Mixtures  by 

Means  of  Invertase.  V.  Methylated  and  Acetylated  Derivatives  of  Crys- 

talline a-Methyl-  and  a-Benzyl-fructofuranosides.  J.  Am.  Chem.  Soc., 

59:49-56. 
With  R.  M.  Hann.  ^-Beta-Galaheptose  and  Some  of  its  Derivatives.  J.  Am. 

Chem.  Soc.,  59:548-51. 
With  Edna  M.  Montgomery.  Crystalline  Alpha-MethyW-arabinofurano- 

side.  J.  Am.  Chem.  Soc.,  59:992-93. 
With  E.  L.  Jackson.  Studies  on  the  Cleavage  of  the  Carbon  Chain  of 

Glycosides  by  Oxidation.  A  New  Method  for  Determining  Ring  Struc- 

tures and  Alpha  and  Beta  Configurations  of  Glycosides.  J.  Am.  Chem. 

Soc.,  59:994-1003. 
With  E.  L.  Jackson.  Two  Forms  of  Anhydrous  /-Rhamnose  and  a  New 

Method  for  the  Preparation  of  Crystalline  (3-Tetraacetyl-/-Rhamnose. 

J.  Am.  Chem.  Soc.,  59:1076-78. 
With  Edna  M.  Montgomery  and  R.  M.  Hann.  Crystalline  Acetal  Deriva- 

tives of  J-Arabinose.  J.  Am.  Chem.  Soc.,  59:1124-29. 
With  C.  B.  Purves.  The  Analysis  of  Fructoside  Mixtures  by  Means  of 

Invertase.  VI.  Methylated  and  Acetylated  Derivatives  of  Crystalline 

(3-Benzylfructopyranoside.  J.  Am.  Chem.  Soc.,  59:1170-74. 
With  J.  H.  Roe.  Further  Studies  of  the  Physiological  Availability  of  Hep- 

toses.  J.  Biol.  Chem.,  121  :37~43. 
With  R.  M.  Hann.  Aldehydo  Derivatives  of  ^-[a-Galaheptose].  J.  Am. 

Chem.  Soc.,  59:1898-1900. 
With  E.  L.  Jackson.  Application  of  the  Cleavage  Type  of  Oxidation  by 

Periodic  Acid  to  Starch  and  Cellulose.  J.  Am.  Chem.  Soc.,  59:2049-50. 


CLAUDE    SILBERT    HUDSON  20$ 

With  R.  M.  Harm.  A  Calcium  Chloride  Compound  of  a-^-Galactose. 
}.  Am.  Chem.  Soc.,  59:2075. 

1938 

With  R.  C.  Hockett.  The  Amides  and  Phenylhydrazides  of  Two  Epimeric 

(a,a-  and  a,(3-)  J-Gluco-octonic  Acids.  J.  Am.  Chem.  Soc.,  60:622-23. 
With  Mildred  Adams.  Bentonite  as  an  Adsorbent  in  the  Purification  of 

Invertase.  J.  Am.  Chem.  Soc,,  60 :982-83. 
With  N.  K.  Richtmyer.  Zinc  Sulfide  as  an  Adsorbent  in  the  Purification 

of  Invertase.  J.  Am.  Chem.  Soc.,  60:983. 
With  E.  L.  Jackson.  The  Structure  of  the  Products  of  the  Periodic  Acid 

Oxidation  of  Starch  and  Cellulose.  J.  Am.  Chem,  Soc.,  60:989-91. 
With  W.  D.  Maclay  and  R.  M.  Hann.  ^-Alpha,Alpha-Galaoctose  and 

Some  of  its  Derivatives.  J.  Am.  Chem.  Soc.,  60:1035-40. 
With  R.  M.  Hann  and  Evelyn  B.  Tilden.  The  Oxidation  of  Sugar  Alco- 
hols by  Acetobacter  suboxyd$ns,  J.  Am.  Chem.  Soc.,  60:1201-03. 
The  Structure  of  Sedoheptulosan  ( Anhydro-sedoheptose) .  J.  Am,  Chem. 

Soc.,  60:1241-43. 
A  Suggestion  for  Naming  the  Higher-Carbon  Sugars.  J.  Am.  Chem.  Soc., 

60:1537-41. 
With  W.  D.  Maclay.  The  Cleavage  of  the  Carbon  Chain  of  a-MethyW- 

lyxopyranoside  by  Oxidation  with  Periodic  Acid.  J.  Am.  Chem.  Soc., 

60:2059-60. 

*939 
With  N.  K.  Richtmyer.  Crystalline  D-Altrosan.  J.  Am.  Chem.  Soc.,  61  : 

214-15. 
With  R.  M.  Hann.  Proof  of  the  Structure  and  Configuration  of  Perseulose 

(L-Galaheptulose) .  J.  Am.  Chem.  Soc.,  61 336-40. 
With  N.  K.  Richtmyer  and  R.  M.  Hann.  The  Oxidative  Degradation  of 

Perseulose  to  L-Galactonic  Acid.  J.  Am.  Chem.  Soc.,  61 .340-43. 
With  N.  K.  Richtmyer  and  R.  M.  Hann.  The  Oxidative  Degradation  of 

Sedoheptulose  to  D-Altronic  Acid.  J.  Am.  Chem.  Soc.,  61 :343~45. 
With  E.  L.  Jackson.  The  Periodic  Acid  Oxidation  of  Beta-Methyl-D- 

mannopyranoside.  J.  Am.  Chem.  Soc.,  61 959-60. 
With  W.  T.  Haskins.  Improvements  in  the  Preparation  of  L-Tartaric  Acid 

from  Racemic  Tartaric  Acid  through  Resolution  by   a  Substituted 

Benzimidazole  Base.  J.  Am.  Chem.  Soc.,  61 11266-68. 
With  R.  M.  Hann,  W.  D.  Maclay,  and  A.  E.  Knauf.  Relations  between 

Rotatory  Power  and  Structure  in  the  Sugar  Group.  XXXI.  The  Con- 


210  BIOGRAPHICAL    MEMOIRS 

figuration  of  D-a,a-Mannooctose    (D-Manno-L-manno-octose) ,   J.   Am. 

Chem.  Soc.,  61:1268-69. 
With  R.  M.  Harm  and  W.  D.  Maclay.  Aldehyde  Derivatives  of  D-a,a- 

Galaoctose  (D-Gala-L-gala-octose) .  J.  Am.  Chem.  Soc.,  61:1270-71. 
Relations  between  Rotatory  Power  and  Structure  in  the  Sugar  Group. 

XXXII.  The  Rotations  of  the  Aldonic  Gamma  Lactones.  J.  Am.  Chem. 

Soc.,  61  .-1525-28. 
With  A.  J.  Watters  and  R.  C.  Hockett.  The  Action  of  Triphenylchloro- 

methane   on   a-Methyl-D-mannopyranoside.  J.  Am.   Chem.  Soc.,   61 : 

1528-30. 
With  E.  L.  Jackson.  The  Periodic  Acid  Oxidation  of  a,a-Trehalose.  J.  Am. 

Chem.  Soc.,  61  .'1530-32. 
With  Edna  M.  Montgomery.  The  Synthesis  of  D-Mannoheptulose,  and  the 

Preparation  of  Some  of  its  Derivatives.  J.  Am.  Chem.  Soc.,  61  :i654~58. 
With  R.  C.  Hockett  and  F.  P.  Phelps.  Relations  between  Rotatory  Power 

and  Structure  in  the  Sugar  Group.  XXXIII.  The  Alpha  and   Beta 

Methyl  Pyranosides  of  L-Fucose  (L-Galactomethylose)  and  their  Tri- 

acetates.  J.  Am.  Chem.  Soc.,  61  :i658-6o. 
With  W.  D.  Maclay  and  R.  M.  Hann.  The  Cleavage  of  the  Carbon  Chains 

of   Some   Methyl   Aldohexomethylo-pyranosides   by   Oxidation   with 

Periodic  Acid.  J.  Am.  Chem.  Soc.,  61.1660-66. 
With  N.  K.  Richtmyer  and  Mildred  Adams.  The  Behavior  of  Glucose 

Dimethylacetal  toward  Carbohydrases.  J.  Am.  Chem.  Soc.,  61:1833-34. 
With  N.  K.  Richtmyer.  The  Cleavage  of  Cellobiose  and  Celtrobiose  by 

Emulsin.  J.  Am.  Chem.  Soc.,  61:1834-35. 
With  R.  M.  Hann  and  W.  D.  Maclay.  The  Structures  of  the  Diacetone 

Dulcitols.  }.  Am.  Chem.  Soc.,  61 :2432~42. 
With  Evelyn  B.  Tilden.  The  Conversion  of  Starch  to  Crystalline  Dextrins 

by  the  Action  of  a  New  Type  of  Amylase  Separated  from  Cultures  of 

Aerobacillus  macerans.  J.  Am.  Chem.  Soc.,,  61 12900-02. 
Relations  between  Rototary  Power  and  Structure  in  the  Sugar  Group. 

XXXIV.  The  Possibility  of  Different  Conformations  of  the  Pyranoid 

Ring.  }.  Am.  Chem.  Soc.,  61 12972. 
With  W.  D.  Maclay  and  R.  M.  Hann.  The  Rotatory  Power  of  Zinc  Lac- 

tate.  J.  Am.  Chem.  Soc.,  61  ^234-35. 

1940 

With  E.  L.  Jackson.  The  Cleavage  of  the  Carbon  Chain  of  Levoglucosan 
by  Oxidation  with  Periodic  Acid.  J.  Am.  Chem.  Soc.,  62:958-61. 


CLAUDE    SILBERT    HUDSON  211 

With  N.  K.  Richtmyer.  The  Ring  Structure  of  D-Altrosan.  J.  Am.  Chem. 
Soc.,  62:961-964. 

1941 

With  E.  L.  Jackson.  Crystalline  (3-Methyl-D-ribopyranoside.  J.  Am.  Chem. 

Soc.,  63  .-1229-31. 
With  A.  E.  Knauf  and  R.  M.  Hann.  D-Mannosan  <  1,5  >  3  <  1,6  >  or 

Levomannosan.  }.  Am.  Chem.  Soc.,  63:1447-51. 
With    R.    M.    Hann.    D-Glucosan  <  1,5  >  3  <  i,6>  and    D-Galactosan 

<  1,5  >  (3  <  1,6  >  from  the  Pyrolysis  of  Lactose.  J.  Am.  Chem.  Soc., 

63:1484-85. 
With  W.  T.  Haskins  and  R.  M.  Hann,  Synthesis  of  the  Epimer  of  Cel- 

lobiose  (4-[3-D-Glucopyranosido]-D-mannose).  J.  Am.  Chem.  Soc.,  63; 

1724-26. 
With  N.  K.  Richtmyer.  Crystalline  a-Methyl-D-altroside  and  Some  New 

Derivatives  of  D-Altrose.  J.  Am.  Chem.  Soc.,  63:1727-31. 
With  R.  M.  Hann.  D-Galactosan  <  1,5  >  (3  <  1,3  >,  a  New  Anhydride 

of  D-Galactose.  J.  Am.  Chem.  Soc,,  63:2241-42. 

Emil  Fischer's  Discovery  of  the  Configuration  of  Glucose.  A  Semicen- 
tennial Retrospect.  J.  Chem.  Educ.,  18:353-57. 

1942 

With  W.  T.  Haskins  and  R.  M.  Hann.  The  Structure  of  Dibenzylidene- 

dulcitol  (i,3:4,6-Dibenzylidene-dulcitol).  J.  Am.  Chem.  Soc.,  64:132-36. 
With  W.  T.  Haskins  and  R.  M.  Hann.  A  New  Dibenzylidene-dulcitol 

(2,3,4,5-Dibenzylidene-dulcitol).  J.  Am.  Chem.  Soc.,  64:136-37. 
With  W.  T.  Haskins  and  R.  M.  Hann.  A  Second  2,3,4,5-Dibenzylidene- 

dulcitol.  J.  Am.  Chem.  Soc.,  64:137-40. 
With  Edna  M.  Montgomery,  Crystalline  Modifications  of  D-Manno-D-gala- 

heptose,  and  the  Preparation  of  Some  of  Its  Derivatives.  J.  Am.  Chem. 

Soc.,  64:247-54. 
With  Edna  M.  Montgomery  and  N.  K.  Richtmyer.  The  Preparation  and 

Rearrangement  of  Phenylglycosides.  }.  Am.  Chem.  Soc.,  64:690-94. 
With  E.  M.  Fry  and  E.  J,  Wilson,  Jr.  A  Novel  Type  of  Cannizzaro  Re- 
action. }.  Am.  Chem.  Soc.,  64:872-73. 
With  R.  M.  Hann.  An  Anhydro  Derivative  of  D-Mannosan  <  1,5  >  (3 

<  1,6  >  (presumably     3,4-Anhydro-D-talosan  <  1,5  >  (3  <i,6  >).     J. 

Am.  Chern.  Soc.,  64:925-28. 
With  A.  T.  Ness  and  R.  M.  Hann.  The  Structure  of  Diacetone-L-fucitol 

(2,3,4,5-Diisopropylidene-L-fucitol).  J.  Am.  Chem.  Soc.,  64:982-85. 


212  BIOGRAPHICAL    MEMOIRS 

With  R.  M.  Harm  and  W.  T.  Haskins.  The  Structure  of  Dimethylene- 
dulcitol  (i,3:4,6-Dimethylene-dulcitol).  J.  Am.  Chem.  Soc.,  64:986-87. 

With  Evelyn  B.  Tilden.  Preparation  and  Properties  of  the  Amylases  Pro- 
duced by  Bacillus  macerans  and  Bacillus  poly  my  xa.  Journal  o£  Bac- 
teriology, 43:527-44. 

With  W.  T.  Haskins  and  R.  M.  Hann.  Synthesis  of  Cellobiose.  J.  Am. 
Chem.  Soc.,  64:1289-91. 

With  Evelyn  B.  Tilden  and  Mildred  Adams.  Purification  of  the  Amylase 
of  Bacillus  macerans.  J.  Am.  Chem.  Soc.,  64:1432-33. 

With  Edna  M.  Montgomery  and  N.  K.  Richtmyer.  D-Mannosan  <  1,5  > 
3  <  1,6  >  from  (3-Phenyl-D-mannoside.  }.  Am.  Chem.  Soc.,  64:1483-84. 

With  W.  T.  Haskins  and  R.  M.  Hann.  The  Syntheses  of  Lactose  and  its 
Epimer.  J.  Am.  Chem.  Soc.,  64:1490. 

With  J.  K.  Wolfe  and  R.  M.  Hann.  i,2,3,4-Dibenzylidene-D-sorbitol.  J. 
Am.  Chem.  Soc.,  64:1493-97. 

With  W.  D.  Maclay  and  R.  M.  Hann.  Some  Studies  on  L-Glucoheptulose. 
J.  Am.  Chem.  Soc.,  64:1606-09. 

With  N.  K.  Richtmyer.  The  Oxidative  Degradation  of  L-Glucoheptulose. 
J.  Am.  Chem.  Soc.,  64:1609-11. 

With  N.  K.  Richtmyer.  A  Benzimidazole  Rule  for  the  Determination 
of  Configuration  of  the  Aldonic  Acids  and  Related  Compounds.  J.  Am. 
Chem.  Soc.,  64:1612-13. 

With  R.  M.  Hann  and  W.  T.  Haskins,  The  Structure  of  Di-o-nitroben- 
zylidene-dulcitol  (i,3:436-Di-o-nitrobenzylidene-dulcitol).  J.  Am.  Chem. 
Soc.,  64:1614-15. 

With  W.  T.  Haskins  and  R.  M.  Hann.  Syntheses  of  Epi-lactose  and  Lac- 
tose. J.  Am.  Chem.  Soc.,  64:1852-56. 

With  W.  S.  McClenahan  and  Evelyn  B.  Tilden.  A  Study  of  the  Products 
Obtained  from  Starch  by  the  Action  of  the  Amylase  of  Bacillus  ma- 
cerans.  J.  Am.  Chem.  Soc.,  64:2139-44. 

With  R.  M.  Hann.  Studies  on  D-Galactosan  <  1,5  >  (3  <  1,6  >.  J.  Am. 
Chem.  Soc.,  64:2435-38. 

With  T.  J.  Schoch  and  E.  J.  Wilson,  Jr.  The  Stability  of  3-Methylmalto- 
side  toward  Hot  Alkali.  J.  Am.  Chem.  Soc.,  64:2871-72. 

*943 

With  Edna  M.  Montgomery  and  N.  K.  Richtmyer.  The  Alkaline  Degra- 
dation of  Phenylglycosides,;  a  New  Method  for  Determining  the  Con- 
figuration of  Glycosides  and  Sugars.  J.  Am.  Chem.  Soc.,  65  :$-j. 


CLAUDE    SILBERT    HUDSON  213 

With  N.  K.  Richtmyer.  The  Ring  Structure  of  Polygalitol.  J.  Am.  Chem. 

Soc.,  65:64-67. 
With  W.  T.  Haskins  and  R.  M.  Hann.  2,3,4,5-Dimethylene-D-mannitol 

and  a  Second  Dimethylene-D-mannitol.  J.  Am.  Chem.  Soc.,  65:67-70. 
With  W.  T.  Haskins  and  R.  M.  Hann.  Crystalline  4-Methyl-D-mannose 

and  Some  of  Its  Derivatives.  J.  Am.  Chem.  Soc.,  65  70-73. 
With  N.  K.  Richtmyer.  The  Mutarotation  of  3-D-Altrose.  J.  Am,  Chem, 

Soc.,  65:740-41. 
With  Alice  T.  Merrill  and  R.  M.  Hann.  Crystalline  3-D-Gluco-L-talo- 

octose  (Syn.  D-Gluco-a-L-talo-octose) .  J.  Am.  Chem.  Soc.,  65:994-95. 
Contribution  to  the  Theory  of  Raceism.  J.  Am.  Chem.  Soc.,  65:1239-40. 
With  Mildred  Adams.  New  Methods  for  the  Purification  of  Invertase 

and  Some  Properties  of  the  Resulting  Products.  J.  Am.  Chem.  Soc.,  65 : 

1359-68. 
With  Mildred  Adams  and  N.  K.  Richtmyer.  Some  Enzymes  Present  in 

Highly  Purified  Invertase  Preparations;  a  Contribution  to  the  Study  of 

Fructofuranosidases,  Galactosidases,  Glucosidases  and  Mannosidases.  J. 

Am,  Chem.  Soc.,  65:1369-80. 
With  E.  J.  Wilson,  Jr.,  and  T.  J.  Schoch.  The  Action  of  macerans  Amylase 

on  the  Fractions  from  Starch.  J.  Am.  Chem.  Soc.,  65  .'1380-83. 
With  W.  T.  Haskins  and  R.  M.  Hann.  2,3,4,5-Dibenzylidene-i>mannitol 

and  Some  of  Its  Derivatives.  J.  Am.  Chem.  Soc.,  65  :i4i9-22. 
With  N.  K.  Richtmyer  and  C.  J.  Carr.  Two  Syntheses  of  Polygalitol  (1,5- 

Anhydro-D-sorbitol).  J.  Am.  Chem.  Soc.,  65:1477-78. 
With  W.  T.  Haskins  and  R.  M.  Hann.  The  Isomeric  1,3-  and  2,3-Ben- 

zylidene-D-arabitols.  J.  Am.  Chem.  Soc.,  65:1663-67. 
With  Edna  M.  Montgomery  and  N.  K.  Richtmyer.  The  Alkaline  Degra- 
dation of  Phenyl-3-lactoside,  Phenyl-3-cellobioside  and  Phenyl-D-gluco- 

3-D-gulo-heptoside.  J.  Am.  Chem.  Soc.,  65:1848-54. 
With  A.  T.  Ness  and  R,  M.  Hann.  The  Acetolysis  of  Trimethylene-D- 

mannitol.  2,5-Methylene-iHnannitol.  J.  Am.  Chem.  Soc.,  65 :22i5~22. 

1944 

With  R.  M.  Hann  and  A.  T.  Ness.  Diacetone-xylitol  (2^3,4,5-Diisopro- 

pylidene-D-L-xylitol) .  J.  Am.  Chem.  Soc.,  66:73-76. 
Theory  of  a  Method  for  Comparing  the  Structures  of  Certain  Compound 

Sugars.  A  Probable  Relationship  of  Turanose  to  Maltose.  J.  Org.  Chem., 

9:117-20. 


214  BIOGRAPHICAL    MEMOIRS 

With  A.  T.  Ness  and  R.  M.  Hann.  The  Acetolysis  of  Trimethylene-D- 

sorbitol.  2,4-Methylene-D-sorbital  and  1,3  12,4  J)imethylene-D-sorbitol.  J. 

Am.  Chem.  Soc.,  66:665-70. 
With  R.  M.  Hann  and  A.  T.  Ness.  2,4  13,5  JDimethyleneHD^L-xylitol  and 

2,4-Methylene-xylitol.  J.  Am.  Chem.  Soc.,  66:670-73. 
With  R.  M.  Hann.  The  Action  of  Copper  Sulfate  on  Phenylosazones  of 

the  Sugars.  Phenyl-D-glucosotriazole.  J.  Am.  Chem.  Soc.,  66:735-38. 
With  W.  D.  Maclay  and  R.  M.  Hann.  Volemitol  Heptaacetate.  J.  Org. 

Chem.,  9:293-97. 
With  A.  T.  Ness  and  R.  M.  Hann.  i,3:2,4-Dimethylene-D-epirhamnitol 

and  2,4-Methylene-D-epirhamnitol.  J.  Am.  Chem.  Soc.,  66:1235-37. 
The  Structure  of  Turanose.  J.  Org.  Chem.,  9:470-76. 
With  R.  M.  Hann  and  J.  K.  Wolfe.  2,4.3,5-Dimethylene-D-sorbitol  and 

Some  of  Its  Derivatives.  J.  Am.  Chem.  Soc.,  66:1898-1901. 
With  A.  T.  Ness  and  R.  M.  Hann.  The  Selective  Exchange  of  Tosyloxy 

for  lodo  Groups  in  Certain  Cyclic  Acetals  of  i,6-Ditosyl-D-sorbitol.  2,4: 

3,5-Dimethylene-D-epirhamnitol.  J.  Am.  Chem.  Soc.,  66:1901-05. 
With  R.  M.  Hann.  0^-1,3:2,4  J)imethylene-adonitol  and  2,4-Methylene- 

adonitol.  J.  Am.  Chem.  Soc.,  66:1906-08. 
With  R.  M.  Hann.  The  Relationship  between  Structures  and  Configura- 

tions of  Various  Methylene  and  Benzylidene  Acetals  of  Polyhydric  Al- 

cohols. J.  Am.  Chem.  Soc.,  66:1909-12. 
With  R.  M.  Hann  and  Alice  T.  Merrill.  Proof  of  the  Configurations  of 

the  D-Gluco-L-gala-,  D-Gluco-L-talo-  and  D-Gala-L-gulo-octoses.  J.  Am. 

Chem.  Soc.,  66:1912-21. 


With  Edna  M.  Montgomery  and  N.  K.  Richtmyer.  Recent  Observations 

on  the  Action  of  Alkali  on  Phenyl  Glycosides.  J.  Org.  Chem.,  10:194-98. 
With  R.  M.  Hann.  2,4:3,5-Dimethylene-L-iditol  and  Some  of  Its  Deriva- 

tives. J.  Am.  Chem.  Soc.,  67:602-5. 
With  W.  T.  Haskins  and  R.  M.  Hann.  The  Action  of  Copper  Sulfate  on 

the  Phenyl  Osazones  of  the  Sugars.  II.  Some  New  Osotriazoles.  J.  Am. 

Chem.  Soc.,  67:939-41. 
*With  W.  T.  Haskins  and  R.  M.  Hann.  1,3  :2,5-Dimethylene-L-rhamnitol 

and  Some  of  Its  Derivatives.  J.  Am.  Chem.  Soc.,  67:1800-08. 

The  asterisk  here  and  in  subsequent  items  indicates  research  papers  not  included 
in  The  Collected  Papers  of  C.  S.  Hudson. 


CLAUDE    SILBERT    HUDSON  215 

The  Fischer  Cyanohydrin  Synthesis  and  the  Configurations  of  Higher- 
Carbon  Sugars  and  Alcohols.  Advances  in  Carbohydrate  Chemistry,  i : 
x-36. 

1946 

The  Collected  Papers  of  C.  S.  Hudson,  ed.  by  R.  M.  Hann  and  N.  K. 

Richtmyer.  2  vols.  New  York,  Academic  Press,  Inc.,  1946-48. 
*With  W.  T.  Haskins  and  R.  M.  Hann.  The  Preparation  of  D-Rhamnose 

from  Methyl  a-D-Mannopyranoside.  J.  Am.  Chem.  Soc.,  68:628-32. 
*With  Edna  M.  Montgomery  and  N.  K.  Richtmyer.  Attempts  to  Find 

New  Antimalarials.  VIII.  Phenyl  (3-D-Glucothiosides,  Diphenyl  Bisul- 
fides, Phenyl  Thiocyanates,  and  Related  Compounds.  J.  Org.  Chem,, 

11:301-6. 
*With  N.  K.  Richtmyer.  Melezitose  Monohydrate  and  Its  Oxidation  by 

Periodate.  J.  Org.  Chem.,  11:610-16. 
*With  W.  T.  Haskins  and  R.  M.  Hann.  The  Action  of  Copper  Sulfate 

on  the  Phenylosazones  of  the  Sugars.  Ill  The  D-,  L-  and  D,L-Arabinose 

Phenylosotriazoles.  J.  Am.  Chem.  Soc.,  68:1766-69. 
s*With  R.  M.  Hann  and  A.  T.  Ness.  The  3,5-Benzylidene  and  3,5-Meth- 

ylene  Acetals  of  Gluco-gw/o-heptitol.  J.  Am.  Chem.  Soc.,  68  :i^6^-y^. 
*With  R.  M.  Hann.  2-Tosyl-D-galactosan   <  1,5  >  |3  <  1,6  >.  J.  Am. 

Chem.  Soc.,  68:1867. 
Melezitose  and  Turanose.  Advances  in  Carbohydrate  Chemistry,  2:1-36. 

1947 

*With  Alice  T.  Merrill,  W.  T.  Haskins,  and  R.  M.  Hann.  L-Gulo-D-talo- 

heptitol  ((3-Sedoheptitol)  and  its  Enantiomorph.  J.  Am.  Chem.  Soc., 

69:70-73. 
*With  R.  M.  Hann  and  W.  T.  Haskins.  Some  Methylene  Acetals  of  D- 

Talitol.  J.  Am.  Chem.  Soc.,  69:624-29. 
*With  H.  G.  Fletcher,  Jr.  i,5-Anhydro-xylitol.  J.  Am.  Chem.  Soc.,  69: 

921-24. 
*With  W.  T.  Haskins  and  R.  M.  Hann.  The  Action  of  Copper  Sulfate 

on  the  Phenylosazones  of  the  Sugars.  IV.  The  Phenylosotriazoles  of 

Some  Heptoses.  J.  Am.  Chem.  Soc.,  69:1050-52. 
*With  H.  G.  Fletcher,  Jr.  Evidence  that  Racemic  Arabinose  is  (3~0,L- 

Arabinopyranose.  J.  Am.  Chem.  Soc.,  69:1145-47. 
*With  W.  T.  Haskins.  Identification  of  Emil  Fischer's  "Phenyl-volemo- 

sazone"  as  D-Mannoheptose  Phenylosazone.  J.  Am.  Chem.  Soc.,,  69: 


2l6  BIOGRAPHICAL    MEMOIRS 

*With  W.  T.  Haskins  and  R.  M.  Hann.  The  Action  of  Copper  Sulfate  on 
the  Phenylosazones  of  the  Sugars.  V.  The  Phenylosotriazoles  of  L- 
Rhamnose,  L-Fucose  and  Melibiose.  J.  Am.  Chem.  Soc.,  69:1461-63. 

*With  W.  T.  Haskins  and  R.  M.  Hann.  Relations  between  Rotatory 
Power  Structure  in  the  Sugar  Group.  XXXV.  Some  2'-Naphthyl  i- 
Thioglycopyranosides  and  their  Acetates.  J.  Am.  Chem.  Soc.,  69:1668-72. 

*With  H.  G.  Fletcher,  Jr.  i,5-Anhydro-D-arabitol.  J.  Am.  Chem.  Soc., 
69:1672-74. 


*With  H.  G.  Fletcher,  Jr.  i,5-Anhydro-4-(3-D-glucopyranosyl)-D-glucitol, 

i,5-Anhydro-6-(3-D-glucopyranosyl)  -D-glucitol  and  i,5-Anhydro-D-galac- 

titol.  J.  Am.  Chem.  Soc.,  70:310-14. 
*With  A.  T.  Ness  and  R.  M.  Hann.  The  i,3:5,7-Dibenzylidene  and  1,3:5,7- 

Dimethylene  Acetals  of  the  D-,  L-  and  D,L-  Perseitols.  J.  Am.  Chem.  Soc., 

70:765-70. 
*With  W.  T.  Haskins  and  R.  M.  Hann.  4-Benzyl-2,3-isopropylidene-r>- 

mannosan  <  1,5  >  3  <  i?6  >  and  2-Benzyl-3,4-isopropylidene-D-galacto- 

san  <  1,5  >  3  <  1,6  >.  J.  Am.  Chem.  Soc.,  70:1290. 
*With  D.  A.  Rosenfeld  and  N.  K.  Richtmyer.  Methyl  2,6-Anhydro-a-p- 

altroside  and  Other  New  Derivatives  of  Methyl  a-D-Altroside.  J.  Am. 

Chem.  Soc.,  70:2201-06. 
*With  W.  T.  Haskins  and  R.  M.  Hann.  The  Action  of  Copper  Sulfate 

on  the  Phenylosazones  of  the  Sugars.  VI.  Gentiobiose  Phenylosotriazole. 

J.  Am.  Chem.  Soc.,  70 :2288-89. 
*With  R.  Jeanloz  and  H.  G.  Fletcher,  Jr.  i,5-Anhydroribitol,  J.  Am. 

Chem.  Soc.,  70:4052-54. 
*With  R.  Jeanloz  and  H.  G.  Fletcher,  Jr.  Some  Reactions  of  2,3,4-Triben- 

zoyl'3-D-nbopyranosyl  Bromide.  J.  Am.  Chem.  Soc.,  70 14055-57. 
Historical  Aspects  of  Emil  Fischer's  Fundamental  Conventions  for  Writ- 
ing Stereo-formulas  in  a  Plane.  Advances  in  Carbohydrate  Chemistry, 

3  :i-22. 

1949 

*With  Laura  C.  Stewart  and  N.  K.  Richtmyer.  Trehalose  from  Yeast.  J. 

Am.  Chem.  Soc.,  71 12277. 
*With  Laura  C.  Stewart  and  N.  K.  Richtmyer.  The  Oxidation  of  Vble- 

mitol  by  Acctobacter  suboxydans  and  by  Acetobacter  xylinum.  J.  Am. 

Chem.  Soc.,  71:3532-34. 


CLAUDE    SILBERT    HUDSON  217 

*With  H.  G.  Fletcher,  Jr.,  and  Leonore  H.  Koehler.  i,5-Anhydrolactitol 
and  i,5-Anhydromaltitol.  J.  Am.  Chem.  Soc.,  71 3679-81 . 

*With  H.  G.  Fletcher,  Jr.  Relations  between  Rotatory  Power  and  Struc- 
ture in  the  Sugar  Group.  XXXVI.  The  1,5-Anhydrides  of  the  Glycitols 
and  Related  Sugar  Derivatives.  J.  Am.  Chem.  Soc.,  71 :3682-88. 

Apiose  and  the  Glycosides  of  the  Parsley  Plant.  Advances  in  Carbohy- 
drate Chemistry,  4:57-74. 

1950 

*With  A.  Neuberger.  The  Stereochemical  Formulas  of  the  Hydroxypro- 
line  and  Allohydroxyproline  Enantiomorphs  and  Some  Related  Sub- 
stances. J.  Org.  Chem.,  15:24-34. 

*With  R.  M.  Hann,  N.  K.  Richtmyer,  and  H.  W.  Diehl.  i,3-Anhydro-2,4- 
methylene-D,L-xylitol  and  Related  Compounds.  J.  Am.  Chem.  Soc.,  72: 
561-66 

*With  H.  G.  Fletcher,  Jr.  The  Synthesis  of  i,5:3,6-Dianhydro-D-galactitol 
(D-Neogalactide).  J.  Am.  Chem.  Soc.,  72:886-88. 

*With  Leonore  H.  Koehler.  Some  Reactions  of  the  2,4,6-8-Tribromophenyl 
(3-D-Pyranosides  of  Glucose  and  Xylose.  J.  Am.  Chem.  Soc.,  72:981-83. 

*With  Laura  C.  Stewart  and  N.  K.  Richtmyer.  The  Preparation  of  Tre- 
halose  from  Yeast.  J.  Am.  Chem.  Soc.,  72:2059-61. 

*With  R.  K.  Ness  and  H.  G.  Fletcher,  Jr.  The  Reaction  of  2,3,4,6-Tetra- 
benzoyl-a-D-glucopyranosyl  Bromide  and  2,3,4,6-Tetrabenzoyl-a-D-man- 
nopyranosyl  Bromide  with  Methanol.  Certain  Benzoylated  Derivatives 
of  D-Glucose  and  D-Mannose.  J.  Am.  Chem.  Soc.,  72:2200-05. 

*With  N.  K.  Richtmyer.  A  Direct  Proof  of  the  Equivalence  of  Carbon 
Atoms  i  and  6  in  D-Mannitol  and  a  New  Method  of  Correlating  Certain 
Higher-Carbon  Sugars  and  Alcohols.  J.  Am.  Chem.  Soc.,  72:3880-82. 

*With  E.  Zissis  and  N.  K.  Richtmyer.  A  Definitive  Proof  that  "a-Fuco- 
hexose"  Is  7-Desoxy-L-gala-J-ratf72720-heptose.  J.  Am.  Chem.  Soc.,  72: 
3882-84. 

*With  H.  G.  Fletcher,  Jr.  The  Reaction  of  Tribenzoyl-p-D-arabinopyrano- 
syl  Bromide  and  Tribenzoyl-a-D-xylopyranosyl  Bromide  with  Methanol. 
J.  Am.  Chem.  Soc.,  72:4173-77. 

*With  H.  G.  Fletcher,  Jr.,  and  H.  W.  Diehl.  Improvements  in  the 
Preparation  of  D-Arabinose  from  Calcium  D-Gluconate  and  of  D-Lyxose 
from  Calcium  D-Galactonate.  J.  Am.  Chem.  Soc.,  72:4546. 

*With  R.  K.  Ness  and  H.  G.  Fletcher,  Jr.  The  Reduction  of  Acetylated 
Glycopyranosyl  Bromides  to  i,5-Anhydroglycitols  with  Lithium  Alumi- 
num Hydride.  i,5-Anhydro-L-rhamnitol.  J.  Am.  Chem.  Soc.,  72 14547-49. 


2l8  BIOGRAPHICAL   MEMOIRS 

*With  N.  K.  Richtmyer  and  Laura  C.  Stewart.  L-Fuco-4-ketose,  a  New 
Sugar  Produced  by  the  Action  of  Acetobacter  suboxydans  on  L-Fucitol. 
J.  Am.  Chem.  Soc.,  72:4934-37. 

With  S.  M.  Cantor,  coeditor,  Advances  in  Carbohydrate  Chemistry,  Vol. 
5.  New  York,  Academic  Press,  Inc.,  322  pp. 


*With  R.  K.  Ness  and  H.  G.  Fletcher,  Jr.  The  Reaction  of  Tribenzoyl-a-L- 
rhamnopyranosyl  Bromide  with  Methanol.  Various  Benzoylated  Deriva- 
tives of  L-Rhamnose.  J.  Am.  Chem.  Soc.  73  1296-300. 

*With  R.  K.  Ness  and  H.  G.  Fletcher,  Jr.  New  Tribenzoyl-D-ribopyrano- 
syl  Halides  and  Their  Reactions  with  Methanol.  J.  Am.  Chem.  Soc.,  73: 

959-% 
*With  J.  W.  Pratt  and  N.  K.  Richtmyer.  The  Structure  of  Sedoheptu- 

losan.  J.  Am.  Chem.  Soc.,  73:1876-77. 
*With  N.  K.  Richtmyer.  The  Rotation  of  Polyols  in  Ammonium  Molyb- 

date  Solutions.  J.  Am.  Chem.  Soc.,  73  12249-50. 
*With  H.  G.  Fletcher,  Jr.,  and  R.  K.  Ness.  The  Reaction  of  Tribenzoyl- 

a-r>-lyxopyranosyl  Bromide  with  Methanol.  J.  Am.  Chem.  Soc.,  73: 

3698-99. 
*With  R.  K.  Ness  and  H.  G.  Fletcher,  Jr.  i,4-Anhydn>D~galactitol.  J.  Am. 

Chem.  Soc.,  73:3742-44. 
^Improvements  in  the  Preparation  of  L-Arabinose  from  Mesquite  Gum. 

J.  Am.  Chem.  Soc.,  73:4038-39. 
*The  Use  of  Sodium  Cyanide  with  L-Arabinose  in  the  Kiliani  Synthesis 

J.  Am.  Chem.  Soc.,  73:4498-99. 
*With  E.  Zissis  and  N.  K.  Richtmyer.  The  Preparation  of  Crystalline  6- 

Desoxy-L-glucose  (L-Epirhamnose)  from  D-Gluco-D-gulo-heptose.  J.  Am. 

Chem.  Soc.,  73:4717-16. 
*With  R.  K.  Ness  and  H.  G.  Fletcher,  Jr.  The  Reduction  of  Various 

Sugar  Acids  to  Glycitols  with  Lithium  Aluminum  Hydride.  J.  Am. 

Chem.  Soc.,  73:4759-61. 
*With  D.  A.  Rosenfeld  and  N.  K.  Richtmyer.  Application  of  the  Cyano- 

hydrin  Synthesis  to  D-Altrose.  J.  Am.  Chem.  Soc.,  73:4907-10. 
*With  D.  A.  Rosenfeld,  J.  W.  Pratt,  and  N.  K.  Richtmyer.  New  Ben- 

zimidazoles  from  Polyhydroxy  Acids.  J.  Am.  Chem.  Soc.,  73:5907-08. 
With  S.  M.  Cantor,  coeditor.  Advances  in  Carbohydrate  Chemistry,  Vol.  6. 

New  York,  Academic  Press,  Inc.,  442  pp. 


CLAUDE    SILBERT    HUDSON 
1952 

*With  M.  L.  Wolfrom  and  R.  M.  Hann.  Lactitol  Dihydrate.  J.  Am.  Chem. 
Soc.,  74:1105. 

*With  W.  T.  Haskins  and  R.  M.  Hann.  Some  Reactions  and  Derivatives 
of  Sedoheptulosan.  J.  Am.  Chem.  Soc.,  74:2198-2200. 

*With  J.  W.  Pratt  and  N.  K.  Richtmyer.  Proof  of  the  Structure  of  Sedo- 
heptulosan as  2,7-Anhydro-(3-i>-altroheptulopyranose.  J.  Am.  Chem.  Soc., 
74:2200-05. 

*With  Laura  C.  Stewart  and  N.  K.  Richtmyer.  L-Guloheptulose  and  2,7- 
Anhydro-(3-L-guloheptulopyranose.  J.  Am.  Chem.  Soc.,  74:2206-10. 

*With  J.  W.  Pratt  and  N.  K.  Richtmyer.  D-Idoheptulose  and  2,7~Anhydro- 
3-D~idoheptulopyranose.  J.  Am.  Chem.  Soc.,  74:2210-14. 

*With  M.  L.  Wolfrom  and  T.  Y.  Shen.  Correction  Concerning  Some  Re- 
ported Derivatives  of  D-Talitol.  J.  Am.  Chem.  Soc.,  74:4456. 

With  M.  L.  Wolfrom  and  S.  M.  Cantor,  coeditors.  Advances  in  Carbo- 
hydrate Chemistry,  Vol.  7.  New  York,  Academic  Press,  Inc.  370  pp. 

1953 
*With  A.  T.  Ness  and  R.  M.  Hann.  New  Derivatives  of  2,3,4,5-Diben- 

zylidene-D,L-xylitol  and  ^^^-Dimethylene-L-xylitol.  J.  Am.  Chem.  Soc., 

75:132-34. 
*The  Basic  Work  of  Fischer  and  Van't  Hoff  in  Carbohydrate  Chemistry. 

J.  Chem.  Educ.,  30:120-21. 
^With  E.  L.  Jackson.  7-Deoxy-L-manno-L-gala-heptose  and  Some  of  Its 

Derivatives.  J.  Am.  Chem.  Soc.,  75:3000-3002. 

^With  J.  V.  Karabinos  and  R.  M.  Hann.  The  Preparation  of  Higher- 
carbon  Sugars  from  B-Mannose  Including  Crystalline  D-Manno-L- 

manno-octost.  J.  Am.  Chem.  Soc.,  75:4320-24. 
*With  J.  V.  Karabinos.  A  Convenient  Synthesis  of  D- 

octose.  J.  Am.  Chem.  Soc.,  75:4324-25. 
*With  J.  W.  Pratt  and  N.  K.  Richtmyer. 

heptopyranose.  J.  Am.  Chem.  Soc.,  75 :4 
With  M.  L.  Wolfrom,  coeditor.  Advances  in  Carbohydrate  Chemistry, 

Vol.  8.  New  York,  Academic  Press,  Inc.  408  pp. 

*955 

*With  Allene  Jeanes.  Preparation  of  ra^o-Erythritol  and  0-Erythronic 
Lactone  from  Periodate-Oxidized  Starch.  J.  Org.  Chem.,  20  :i 


220  BIOGRAPHICAL   MEMOIRS 

PATENTS 

British  139,156— April  20,  1921.  Improvements  in  Method  of  Making 

Decolorising  Carbon. 

U.  S.  1,438,113 — Dec.  5,  1922.  Methods  of  Making  Decolorizing  Carbons. 
U.  S.  1,646,731 — Oct.  25,  1927  (to  Standard  Development  Co.).  Glazing 

Composition  (for  candy) . 
U.  S.  1,657,505 — Jan.  31,  1928  (to  Standard  Development  Co.).  Method 

of  Deodorizing  Isopropyl  Alcohol. 
U.  S.  2,162,721 — June  20,  1939  (to  the  Government  of  the  United  States). 

With  N.  K.  Richtmyer.  Production  of  <f-Ribose  from  Calcium  ^/-Altro- 

nate. 
U.  S.  2,207,738 — July  1 6,  1940  (to  the  Government  of  the  United  States). 

With  N.  K.  Richtmyer  and  R.  M.  Hann.  Production  of  J-Altronic  Acid 

and  its  Salts  from  Sedoheptulose. 


WENDELL  MITCHELL  LATIMER 

April  22,  1893 — July  6,  7955 

BY   JOEL  H.   HILDEBRAND 


A^ONG  THE  PAPERS  in  the  files  of  Wendell  Mitchell  Latimer,  there 
was  found  an  autobiographical  account  of  his  earlier  years  that 
is  so  interesting  and  so  revealing  of  the  influences  that  shaped  his 
career  that  it  is  here  reproduced  in  toto: 

"I  am  the  tenth  generation  from  Robert  Latimer,,  a  retired  sea 
captain,  who  settled  at  New  London,  Connecticut,  about  1660.  I  am 
a  member  of  the  Society  of  Mayflower  Descendants  from  the  Rever- 
end Brewster,  whose  granddaughter  married  a  Latimer.  My  great- 
great-grandfather,  Colonel  Jonathan  Latimer,  commanded  the  Third 
Connecticut  Volunteers  at  the  Battle  of  Saratoga.  After  the  war  he 
and  his  seven  sons  migrated  to  Tennessee.  My  great-grandfather, 
Alexander  Latimer  went  with  the  Rutledges  from  Tennessee  to 
Illinois  at  the  time  of  the  founding  of  New  Salem,  Illinois.  Soon 
after  he  introduced  Abraham  Lincoln  to  Ann  Rutledge.  Lincoln 
wrote  a  letter  to  my  grandfather  at  the  time  of  her  death.  Unfor- 
tunately this  letter,  a  family  treasure,  was  destroyed  in  the  Chicago 
fire. 

"My  maternal  grandmother,  Nancy  Cook,  migrated  from  Nashua, 
New  Hampshire,  with  her  sister  in  the  eighteen  fifties  to  Lawrence, 
Kansas  to  'save  Kansas  for  the  free  states.'  My  maternal  grandfather, 
Milton  Mitchell,  had  gone  to  California  by  way  of  Panama  from 
Ohio  during  the  Gold  Rush,  1849-1850.  He  returned  overland  in 
1860  and  met  my  grandmother  on  the  trip  home.  He  served  in  the 
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Ohio  Artillery  for  the  four  years  of  the  Civil  War  and  rose  to  the 
rank  of  Captain.  After  the  war,  he  and  my  grandmother  were  mar- 
ried1 and  homesteaded  in  eastern  Kansas.  My  mother  was  born  there 
in  a  log  cabin  in  1867. 

"My  father  was  born  in  Knox  County,  Illinois,  and  went  to  Gar- 
nett, Kansas,  to  take  over  the  management  of  a  bank  in  that  city 
about  the  year  1886.  There  he  met  and  married  my  mother.  I  was 
born  in  Garnett  on  April  22,  1893.  When  I  was  three  years  of  age, 
we  moved  to  Kansas  City  where  my  father  was  engaged  in  the  bank- 
ing and  brokerage  business.  We  lived  in  the  Quindaro  District,  and  I 
attended  Hawthorne  Elementary  School. 

"My  early  years  were  extremely  happy.  I  had  a  pony  and  cart  of 
my  own,  and  the  family  had  several  teams  of  horses  and  carriages  for 
excursions  about  the  city.  In  the  summers  we  took  many  long  trips. 
I  recall  those  to  New  England,  Northern  Michigan,  Colorado,  and  to 
the  Buffalo,  New  York  Exposition. 

"When  I  was  eight  my  father  contracted  typhoid  fever  and  died. 
My  mother  was  left  with  rather  meager  funds.  She  and  I  spent  one 
winter  with  an  uncle  near  Abingdon,  Illinois,  and  then  we  went  to 
live  with  my  grandfather  on  a  farm  near  Greely,  Kansas.  From  ten 
to  fifteen  years,  I  lived  the  life  of  a  typical  farm  boy.  I  attended  school 
in  Greely,  but  at  the  end  of  my  first  year  of  high  school  my  mother 
decided  that  I  should  attend  the  Garnett  High  School,  which  was 
distinctly  better.  Since  Garnett  was  some  ten  miles  away,  this  meant 
that  I  took  a  room  in  Garnett  and  came  home  week  ends. 

"The  principal  of  the  Garnett  High  School  was  Mr.  C.  H.  Oman, 
a  man  of  high  standards  and  of  excellent  administrative  ability.  He 
had  a  fine  staff  of  teachers,  and  the  quality  of  the  instruction  was 
superior  to  that  given  in  most  small  schools.  I  was  a  member  of 
the  debating  team  and  competed  in  the  interclass  track  meets,  but 
without  much  success  in  the  latter. 

"In  1911  I  entered  the  University  of  Kansas.  I  worked  on  a  good 
many  odd  jobs  to  help  pay  expenses  and  finally  got  the  job  of  looking 
after  the  University  Weather  Bureau.  The  hours  were  bad,  and  three 
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times  a  day  I  had  to  climb  to  the  top  of  the  highest  building  for  wind 
velocity  measurements.  It  was,  nevertheless,  one  of  the  prized  jobs 
of  the  university  and  included  attending  the  university  seismograph. 

"I  entered  the  university  with  a  pre4egal  course  in  mind,  and 
during  the  first  two  years  was  active  in  the  debating  clubs.  However, 
I  became  disgusted  with  the  methods  which  one  had  to  use  to  win 
debates;  logic  counted  for  little  as  against  the  technique  of  building 
straw  men  and  tearing  them  down  with  irony  and  sarcasm.  I  had 
taken  considerable  mathematics  and  since  I  had  done  well  in  these 
courses,  I  decided  to  change  to  a  major  in  mathematics.  In  the  sum- 
mer session  following  my  sophomore  year,  I  had  my  first  course  in 
chemistry,  and  in  my  last  two  years  I  completed  majors  in  both 
mathematics  and  chemistry. 

"The  summer  of  1912  I  spent  in  the  Pacus  Valley  of  New  Mexico. 
I  worked  for  a  time  in  the  melon  fields,  and  then  I  signed  up  with  a 
crew  driving  a  bunch  of  steers  from  Artesia,  New  Mexico,  up  over 
the  Caprock  to  Plainview,  Texas.  This  was  one  of  the  last  remaining 
bits  of  open  range  country,  and  my  experiences  with  the  cowboys 
on  that  trip  have  provided  many  rich  memories.  On  the  return  trip 
I  rode  one  hundred  miles  in  a  twenty-four  hour  interval. 

"I  received  the  A.  B.  degree  in  1915  and  remained  at  the  Unversity 
of  Kansas  for  two  years  as  an  assistant  instructor  in  chemistry.  In 
view  of  the  fact  that  I  had  started  my  scientific  studies  so  late,  these 
additional  years  enabled  me  to  build  up  a  background  in  both  chem- 
istry and  physics.  I  carried  out  a  research  program  on  the  dielectric 
constant  of  ammonia  up  to  its  critical  temperature.  This  work  was 
under  Professor  H.  P.  Cacly,  an  inspiring  teacher  with  a  truly  great 
mind. 

"In  the  summer  of  1916  I  attended  the  University  of  Chicago  and 
took  two  courses  with  Professor  Harkins.  At  this  time  Harkins  was 
thinking  a  lot  about  the  nucleus,  and  I  found  his  lectures  most 
stimulating. 

"Professor  G.  N.  Lewis  offered  me  a  fellowship  at  the  University 
of  California  in  1917.  I  received  the  Ph.  D.  degree  there  in  1919, 
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working  under  the  direction  of  Professor  G.  E.  Gibson.  In  1918, 
when  most  of  the  staff  were  in  France,  I  gave  the  freshman  lectures. 
I  probably  should  credit  my  debating  experience  for  having  been 
picked  from  the  graduate  student  group  to  give  these  lectures. 

"The  years  following  the  war  were  most  exciting  at  Berkeley,  and 
I  was  most  happy  to  be  asked  to  remain  as  a  member  of  the  staff. 
Dr.  Gibson  had  translated  Sackur's  book  on  thermodynamics  and 
probably  had  as  clear  a  concept  of  entropy  as  anyone  in  the  world. 
I  owe  much  to  him  for  my  start  in  thermodynamics. 

"I  believe  that  I  was  the  first  to  grasp  the  importance  of  the 
entropies  of  aqueous  ions.  These  values  have  enabled  us  to  use 
thermal  data  to  calculate  free  energies  and  thus  to  give  a  thermody- 
namic  treatment  of  most  inorganic  reactions.  When  I  started  this 
program,  there  was  not  a  single  ionic  entropy  known.  With  the  as- 
sistance of  an  excellent  group  of  graduate  students  over  a  period  of 
thirty  years,  I  have  determined  values  for  practically  all  of  the  stable 
inorganic  aqueous  ions.  The  theoretical  interpretation  of  the  ionic 
values  has  been  significant  in  the  general  theory  of  strong  electro- 
lytes. 

"One  of  the  most  useful  applications  of  the  large  amount  of  data 
which  I  have  accumulated  on  aqueous  solutions  was  the  preparation 
of  extensive  tables  of  oxidation-reduction  potentials  and  of  potential 
diagrams,  relating  the  various  oxidation  states  of  every  element. 
These  potentials  have  had  a  profound  influence  upon  the  teaching 
of  inorganic  chemistry. 

"In  my  early  paper  (1920)  with  W.  H.  Rodebush,  I  first  dearly 
stated  the  principle  of  hydrogen  bonding,  which  is  now  so  generallly 
accepted.  In  this  paper  Rodebush  wrote  the  first  half  on  the  general 
concept  of  polarization,  and  I  wrote  the  last  half  which  dealt  with 
the  structural  interpretation.  We  naturally  had  to  get  G.  N.  Lewis' 
permission  to  publish  the  paper  since  we  used  his  new  theory  of 
valence,  and  it  was  only  with  considerable  argument  that  I  was  able 
to  keep  the  hydrogen-bond  theory  in  the  paper. 
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"About  1934  I  started  W.  F.  Libby  to  work  on  some  problems  of 
soft  Beta-emitters.  As  a  graduate  student,,  he  developed  many  of  the 
techniques  which  later  were  so  important  in  his  C14  work.  After  he 
received  his  degree,,  Libby  and  I  started  a  seminar  on  nuclear  prob- 
lems which  ran  for  many  years.  We  attracted  quite  a  group  of  young 
men,  including  Seaborg,  Kennedy,  Ruben,  and  Wahl.  Thus  in  1940, 
our  department  had  one  of  the  most  active  groups  of  nuclear  chem- 
ists in  the  world,  and  this  fact  was  of  considerable  significance  in  the 
A-bomb  and  general  nuclear  program." 

This  brief  autobiography  gives  a  glimpse  of  the  influences  and 
inherent  characteristics  that  combined  to  produce  the  mature  man 
and  the  scientist.  Like  the  majority  of  successful  scientists,  he 
acknowledges  his  debt  to  a  school  whose  principal  was  "a  man  of 
high  standards,"  and  whose  "fine  staff  of  teachers"  provided  superior 
instruction.  Although  his  participation  in  debating  in  both  school 
and  college  helped  to  make  him  the  effective,  clear  lecturer  and 
writer  that  he  was,  his  intellectual  integrity  was  such  that  he  "became 
disgusted  with  the  methods  which  one  had  to  use  to  win  debates." 
He  became  a  biting  critic  of  sophistry. 

His  contacts  with  many  different  sorts  of  people  helped  to  make 
him  an  excellent  judge  of  character.  For  many  years  he  selected  the 
teaching  assistants  and  graduate  students  for  the  department  of 
chemistry  in  Berkeley,  and  eventually,  as  chairman,  he  added  to  the 
regular  staff  many  of  the  young  men  who  are  now  maintaining  its 
high  standing  in  both  teaching  and  research  established  originally 
by  Gilbert  N.  Lewis. 

He  was  unusually  forthright.  He  left  no  one  in  doubt  about  his 
position.  When  he  was  a  graduate  student,  presenting  something  or 
other  in  Colloquium,  Gilbert  Lewis  constantly  interrupted  him,  fi- 
nally saying,  "The  trouble  with  you  is  that  you  don't  take  your  audi- 
ence into  consideration."  Wendell  replied:  "The  trouble  with  me  is 
that  I  can't  keep  my  audience  quiet  long  enough  to  say  what  I  have 
to  say."  Lewis  let  him  alone  after  that. 
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While  in  the  Southwest  Pacific  during  the  war,  addressing  a  group 
of  chemical  officers,  at  the  same  meeting  to  which  a  C.  W.  general 
had  spoken,  he  said:  "The  General  has  just  told  you  what  is  in  the 
manuals.  I  will  now  tell  you  about  recent  developments  that  lead  to 
very  different  conclusions."  None  but  the  thin-skinned  could  be  of- 
fended by  such  remarks,  because  they  would  be  accompanied  by  a 
disarming  smile. 

He  was  a  shrewd  card  player.  On  one  occasion,  he  and  Roger 
Adams  had  been  playing  poker  with  two  patent  attorneys.  After  the 
game  one  of  them  said  to  Wendell:  "I  have  to  apologize  to  you. 
When  we  began  I  thought  you  were  just  another  green  pea." 

He  was  an  effective,  stimulating  teacher.  He  participated  freely 
himself  in  the  teaching  of  freshmen,  both  as  lecturer  and  leader  of 
quiz  and  laboratory  sections.  He  worked  first  with  Bray  and  eventu- 
ally with  Powell  in  the  preparation  and  frequent  revision  of  the 
laboratory  manual,  A  Course  in  General  Chemistry.  The  Reference 
Boof(  of  Inorganic  Chemistry,  by  Latimer  and  Hildebrand  was 
largely  his  work.  Editions  were  published  in  1929,  1940,  and  1951. 

Latimer  served  well  both  the  Department  of  Chemistry  and  the 
University  of  California.  He  was  an  instructor  from  1919  to  1921,  an 
assistant  professor  from  1921  to  1924,  and  afi.  associate  professor  from 
1924  to  1931,  when  lie  became  a  professor.  He  was  an  assistant  dean 
of  the  College  of  Letters  and  Science  from  1923  to  1924,  dean  of  the 
College  of  Chemistry  from  1941  to  1949,  and  chairman  of  the  de- 
partment from  1945  to  1949.  He  participated  freely  in  the  affairs  of 
the  Academic  Senate,  serving  at  different  times  upon  such  important 
committees  as  Budget  and  Interdepartmental  Relations,  Educational 
Policy,  and  the  elected  Committee  on  Committees, 

He  started  Willard  F.  Libby,  who  worked  on  his  thesis  under 
Larimer's  direction,  on  the  line  of  work  that  led  ultimately  to 
Libby's  appointment  to  the  United  States  Atomic  Energy  Commis- 
sion. Together  they  organized  a  seminar  on  nuclear  chemistry, 
whose  participants  included  such  future  stars  as  Seaborg,  Kennedy, 
and  Wahl.  His  foresight  in  this  matter  laid  one  of  the  main  f ounda- 
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tions  for  the  separation  of  plutonium  and  the  trans-uranium  ele- 
ments, and  the  vast  atomic  energy  program.  From  1942  to  1946  he 
was  director  of  a  Manhattan  (code  name)  Engineering  District  Con- 
tract on  the  chemistry  of  plutonium.  He  played  a  leading  role  in  the 
chemistry  program  of  the  University  of  California's  Radiation  Lab- 
oratory throughout  the  period  from  the  Second  World  War  until  his 
death.  He  was  appointed  in  1954  as  a  Consultant  to  the  Atomic 
Energy  Commission. 

Latirner  was  one  of  the  first  to  realize  the  disastrous  consequences 
to  this  country  if  a  potential  enemy  should  first  develop  a  thermo- 
nuclear (hydrogen)  bomb.  He  was  responsible  for  convincing  many 
government  officials  of  this  fact  and  assisted  in  many  ways  the  pro- 
gram which  was  started  in  1950.  Subsequent  events  fully  confirmed 
his  wisdom  and  foresight. 

His  war  services  to  the  nation  were  varied  and  notable.  He  was 
a  member  of  and  a  Special  Investigator  for  the  National  Defense  Re- 
search Committee  from  1941  to  1945.  In  1943  he  was  a  member  of  a 
War  Department  Mission  to  England.  He  was  a  technical  observer 
and  scientific  expert  at  G.H.Q.,  South  Pacific  Area,  in  1944. 

After  the  war  he  was  a  member  of  the  Chemical  Corps  Research 
Council  from  1947  to  I95I?  °f  the  Office  of  Naval  Research  Panel  on 
Chemical  Research  from  1949  to  1950,  and  of  the  AEC  Special 
Weapons  Panel,  from  1947  to  1950. 

Over  one  hundred  papers  bear  witness  to  both  the  quantity  and 
the  high  quality  of  his  scientific  activity.  The  first,  with  W.  H. 
Rodebush,  referred  to  in  his  autobiography,  although  viewed  at  first 
with  scepticism  by  Lewis,  proved  to  be  very  important  indeed.  The 
special  properties  of  the  hydrogen  bond  set  substances  so  bound  far 
apart  from  those  containing  ordinary  dipoles.  It  has  recently  become 
evident  that  hydrogen  bonds  are  mainly  responsible  for  the  structure 
of  genetic  material.  Pauling  has  said,  "I  believe  that  as  the  methods 
of  structural  chemistry  are  further  applied  to  physiological  problems 
it  will  be  found  that  the  significance  of  the  hydrogen  bond  for 
physiology  is  greater  than  that  of  any  other  structural  feature." 
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Most  of  his  early  investigations,  begun  under  the  inspiration  of 
G.  E.  Gibson,  had  to  do  with  heat  capacity  and  entropy  down  to  low 
temperatures.  Soon  after  earning  his  doctorate  he  built  the  first  suc- 
cessful hydrogen  liquefier  in  the  United  States.  W.  F.  Giauque  has 
paid  a  warm  tribute  to  Latimer's  influence  upon  him.  Lewis,  Gibson, 
and  Latimer  published  in  1922  a  revision  of  the  entropies  of  the 
elements. 

His  interest  in  entropy  soon  extended  to  the  entropy  of  aqueous 
ions,  an  entirely  new  field,  and  the  first  paper  (with  R.  M.  Buffing- 
ton)  was  followed  by  a  number  upon  that  subject.  In  1936  he  pub- 
lished a  paper  in  Chemical  Reviews,  "The  Entropy  of  Aqueous  Ions 
and  the  Nature  of  the  Entropy  of  Hydration."  These  studies,  with 
his  vast  knowledge  of  inorganic  reactions  as  a  guide,  led  to  a  com- 
prehensive correlation  of  thermal  data,  entropies,  and  electrode  po- 
tentials, published  in  1938  in  the  book,  The  Oxidation  States  of  the 
Elements  and  Their  Potentials  in  Aqueous  Solution.  A  second  edition 
appeared  in  1952. 

The  value  of  Latimer's  critical  evaluations  of  oxidation  potentials 
can  hardly  be  overstated.  They  can  be  combined  to  predict  the  po- 
tentials of  oxidation-reduction  reactions  for  all  the  vast  number  of 
their  combinations.  They  have  taken  their  place  as  an  essential  part 
of  the  equipment  of  every  competent  inorganic  chemist.  They 
furnished  valuable  guides  in  working  out  the  chemistry  of  the  new 
trans-uranium  elements,  and  were  applied  by  Latimer  in  a  paper, 
"Astrochemical  Problems  in  the  Formation  of  the  Earth." 

Scientific  honors  include  membership  in  the  National  Academy 
of  Sciences,  and  chairmanship  of  its  Section  of  Chemistry  from 
1947  to  1950;  the  Distinguished  Service  Award  from  his  alma  mater, 
the  University  of  Kansas,  in  1948;  the  Presidential  Certificate  of 
Merit,  in  1948;  Faculty  Research  Lecture  in  1953,  an  honor  that  the 
Academic  Senate  of  the  University  of  California  annually  bestows 
upon  one  of  its  members;  the  William  H.  Nichols  Medal  from  the 
New  York  Section  of  the  American  Chemical  Society,  1955,  with  a 
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citation  for  his  "Pioneer  Studies  on  the  Thermodynamics  of  Electro- 
lytes, Especially  the  Entropies  of  Ions  in  Aqueous  Solutions." 

The  Proceedings  of  the  Seventh  Meeting,  in  Lindau,  in  1955,  of  the 
International  Committee  of  Electrochemical  Thermodynamics  and 
"Kinetics,  published  in  1957,  carry  a  picture  of  Larimer  as  frontispiece 
and  a  full-page  tribute  to  his  memory,  asserting  that  his  "systematic 
work  on  oxidation  states  and  potentials  constitutes  the  very  basis  of 
this  most  important  phase  of  C.I.T.C.E.  activities."  Concerning  his 
death  shortly  before  the  meetings,  it  added:  "This  untimely  death 
constitutes  a  severe  loss  for  science  and  for  the  innumerable  organi- 
zations and  activities  to  which  Professor  Larimer  contributed  so 
much  with  such  very  great  distinction." 

Larimer  spent  the  year  1930-1931  in  Munich  as  a  Guggenheim 
Fellow.  From  1953  to  1955  he  was  a  member  of  the  Committee  on 
Electrochemistry  of  the  Internal  Union  of  Pure  and  Applied  Chem- 
istry, and  was  appointed  the  same  year  to  represent  the  National 
Academy  of  Sciences  at  the  International  Congress  of  Pure  and  Ap- 
plied Chemistry  in  Zurich. 

Latirner  was  editor  of  the  Prentice-Hall  chemistry  series  and  served 
briefly  as  associate  editor  of  the  Journal  of  Chemical  Physics  and  of 
Chemical  Reviews. 

Larimer  lost  his  first  wife,  Bertha  Eichenauer,  whom  he  had  mar- 
ried in  1917,  also  their  son,  Walter.  In  1926  he  married  Glatha  Hat- 
field.  Their  children  are  Eleanor  Ann  Colborn  and  Robert  M.,  who 
is  following  in  his  father's  footsteps.  There  are  two  grandchildren, 
Diane  and  Robert  Edgar  Colburn. 

His  health  during  later  years  was  not  good  and  he  underwent 
several  operations.  He  took  it  all  stoically,  hiding  pain  and  discom- 
fort under  an  ever-present  sense  of  humor  and  interest  in  the  welfare 
of  students  and  colleagues.  He  died  in  his  sleep  July  6,  1955,  at  the 
age  of  sixty-two,  at  a  time  when  he  had  been  appointed  to  represent 
the  National  Academy  of  Sciences  at  the  Fourteenth  International 
Congress  of  Pure  and  Applied  Chemistry  in  Zurich, 
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J.  Chem.  Phys.  =  Journal  of  Chemical  Physics 

J.  Electrochem.  Soc.=  Journal  of  the  Electrochemical  Society 

J.  Phys.  Chem. = Journal  of  Physical  Chemistry 

Phys.  Rev. = Physical  Review 
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WILLIAM  deBERNIERE  MacNIDER 

June  25,  1881 — May  31,  1957 

BY  A.   N.   RICHARDS 


WILLIAM  deBERNIERE  MAcNiDER,  son  of  Virginius  St.  Clair  Mao 
Nider,  M.  D.,  and  Sophia  Beatty  (Mallett)  MacNicler,  was 
born  in  Chapel  Hill,  North  Carolina,  on  June  25,  i88i3  in  a  house 
on  West  Franklin  Street,  a  few  hundred  yards  from  the  University 
to  which  the  work  of  his  adult  life  was  devoted.  He  died  in  near-by 
Watts  Hospital  of  Durham  on  May  31,  1951,  from  an  acute  develop- 
ment of  a  chronic  respiratory  disorder  frofn  which  he  had  suffered 
intermittently  for  many  years. 

His  father's  ancestry  has  been  traced  back  to  the  MacNair  clan 
who,  prior  to  about  1600,  dwelt  on  the  Isle  of  Skye.  They  emigrated 
to  Ayrshire  and  intermarried  with  Clan  MacAdair,  with  the  result 
that  the  name  successively  became  MacNadair,  MacNader,  and  fi- 
nally MacNider.  John  MacNider,  ancestor  of  Virginius,  joined  Neal 
MacNeal's  colony  and  came  to  the  Cross  Creek  Section  of  North 
Carolina,  near  Fayetteville,  in  1749. 

His  mother,  Sophia  Mallett,  daughter  of  Dr.  William  P.  Mallett, 
was  descended  from  the  Huguenot  family  of  Malet  of  Rochelle, 
France  of  which  Daniel  Malet,  "the  original  Mallett/'  was  Governor 
General.  Four  of  the  Mallett  brothers  fled  from  France  to  England 
and  from  thence,  in  1780,  came  to  America.  Two  of  them  were  the 
founders  of  the  city  of  New  Rochelle,  N.  Y.;  a  third  remained  near 
Charleston,  S.  C.,  their  port  of  entry;  the  fourth  came  to  Wilming- 
ton, N.  C.,  thence  to  Fayetteville,  where  he  founded  the  North  Caro- 
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Una  branch  of  the  family,  of  which  William  P.  and  his  daughter, 
Sophia,  were  members. 

Dr.  William  P.  Mallett,  born  in  Fayetteville,  educated  at  Trinity 
College,  Hartford,  and  the  Medical  College  of  South  Carolina,  prac- 
ticed medicine  in  Chapel  Hill  from  1857  to  1889,  the  year  of  his 
death.  His  personal  character  and  professional  competence  gave  him 
a  position  of  outstanding  eminence  as  a  citizen  and  as  a  general  prac- 
titioner and  consultant  not  only  in  Chapel  Hill,  but  also  in  the  sur- 
rounding county  areas.  In  1852  he  performed  one  of  the  earliest 
Caesarean  sections  in  this  country;  he  served  the  University  of  North 
Carolina  as  physician  to  students  and  faculty  and,  although  he  died 
when  his  grandson,  William,  was  only  eight  years  old,  his  memory 
was  one  of  the  influences  which  directed  the  boy's  mind  toward  the 
profession  of  medicine. 

No  evidence  is  available  to  indicate  that  as  a  boy,  William  showed 
a  precocious  bent  toward  science,  but  it  is  written  that  "he  hunted 
in  all  the  fields  and  woods,  loved  and  cared  for  every  wild  flower; 
cultivated,  enjoyed  and  shared  every  beautiful  thing  in  the  form  of 
flower  and  shrub  which  can  grow  in  Chapel  Hill."  That  passion  for 
natural  beauty  endured  throughout  his  life.  The  chief  formative 
influences  of  his  early  years  were  derived  from  the  characters  and 
devotion  of  his  mother  and  her  sister,  "Aunt  Eliza"  Mallett,  from  his 
reverence  for  the  tradition  left  by  his  grandfather  Mallett,  from  as- 
sociations with  gifted  members  of  the  University  faculty  who  were 
frequent  guests  in  his  mother's  home,  and  from  the  experiences  he 
enjoyed  as  a  boy  of  thirteen  or  fourteen  while  accompanying  his 
future  teacher,  Dr.  Whitehead,  on  professional  visits. 

As  an  undergraduate  in  the  College  of  the  University,  he  got  in- 
spiration from  the  exceptionally  able  professor  of  biology,  Henry 
V.  P.  Wilson,  whom  he  served  as  student  assistant  during  the  school 
year  1899-1900.  In  MacNider's  words,  "Professor  Wilson  gave  me 
rigorous  instruction  in  zoology  and  under  his  guidance  I  saw  for  the 
first  time  the  nephridium  of  the  earthworm,  perfect  in  its  function 
and  symmetrical  beauty." 
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In  1899  MacNider  enrolled  as  a  student  in  the  Medical  School, 
then  limited  to  two  preclinical  years  in  the  laboratories  at  Chapel 
Hill.  The  Dean  was  the  friend  of  his  boyhood,  Dr.  Richard  H. 
Whitehead,  brought  to  Chapel  Hill  from  the  University  of  Virginia 
in  1890  to  establish  the  North  Carolina  school,  a  man  who  attained 
great  distinction  not  only  from  his  success  as  an  administrator,  but 
also  from  his  abilities  as  a  scientist  and  physician.  As  professor  of 
anatomy,  he  equipped  a  laboratory  for  research  in  histology  and 
embryology;  he  also  taught  physiology  and  materia  medica;  he  was 
physician  to  the  University  as  well  as  to  many  families  in  the  Chapel 
Hill  area.  His  research  interest  in  anatomy  was  broadened  by  sum- 
mer work  with  Barker  in  Chicago  and  Mall  in  Baltimore.  MacNiclcr 
was  appointed  his  assistant  in  anatomy  from  1900  to  1902  and  came 
to  share  his  love  of  experimentation. 

At  the  end  of  the  academic  year  1901-1902,  MacNider  had  finished 
the  work  of  three  of  the  four  years  required  for  the  M.  D.  degree  and 
was  contemplating  a  fourth  and  final  year  in  another  institution.  It 
happened  that  in  the  spring  of  1902  the  decision  was  made  by  Presi- 
dent F.  P.  Venable  to  bring  to  realization  a  plan  inaugurated  by 
Venable's  predecessor,  E.  A.  Alderman,  which  would  add  two  years 
of  clinical  instruction  to  the  existing  preclinical  years,  and  thus  en- 
able the  University  of  North  Carolina  to  award  the  degree  of  Doctor 
of  Medicine.  Hubert  A.  Royster,  thirty-one  years  old,  an  able,  am- 
bitious, and  courageous  gynecological  surgeon  of  Raleigh,  N.  C.,  was 
chosen  to  be  dean,  with  the  duties  of  designing  the  curriculum, 
choosing  the  clinical  faculty,  and  managing  the  whole  undertaking 
without  expense  to  the  mother  University.  Instruction  was  to  be 
given  in  Raleigh.  In  addition  to  Royster,  who  took  the  chair  of 
gynecology,  the  first  major  faculty  consisted  of  four  professors,  all 
eminent  practitioners  in  the  Raleigh  area,  among  them  Royster's 
father,  W.  I.  Royster,  as  Professor  of  Medicine.  The  doors  of  the  clini- 
cal division  opened  in  September,  1902.  William  dcBerniere  Mac- 
Nider, the  first  applicant,  was  admitted  to  membership  in  the  senior 
class;  he  was  joined  later  by  three  others.  Two  applicants  were  ad- 
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mitted  to  the  junior  class,  thus  making  a  student  body  of  six.  Mac- 
Nider  received  his  M.  D.  degree  in  1903,  and  for  the  two  following 
years  remained  in  Raleigh  as  Instructor  in  Medical  Diagnosis.  He 
lived  at  Dean  Royster's  home  during  those  years  and  collaborated 
with  him  in  the  study  of  clinical  problems  in  gynecology,  from 
which  two  publications  resulted,  the  titles  of  which  head  the 
Bibliography  appended  to  this  account.  In  1910  the  Raleigh  project 
had  to  be  abandoned,  and  the  two-year  course  of  the  school  was 
resumed. 

In  1905  MacNider  was  recalled  to  Chapel  Hill  as  Professor  of 
Pharmacology.  In  those  early  years  after  graduation,  he  sought  to 
amplify  his  training  by  spending  summers  in  other  medical  centers. 
The  first,  in  1904,  was  in  Baltimore  in  Osier's  clinic  at  the  Johns 
Hopkins  Hospital.  That  experience  left  an  indelible  impression, 
memorialized  in  his  essay,  "The  Way  of  a  Teacher."  Another  sum- 
mer was  spent  in  Chicago,  where  he  worked  in  physiology  with 
S.  A.  Matthews  and  G.  N.  Stewart.  Still  another,  1908,  was  in  Cleve- 
land in  the  pharmacological  laboratory  of  Torald  Sollmann  at  the 
Western  Reserve  University  Medical  School. 

The  duties  to  which  he  was  assigned  upon  his  return  from  Raleigh 
to  Chapel  Hill  were  not  restricted  to  pharmacology;  he  also  taught 
or  took  part  in  the  teaching  of  bacteriology,  clinical  diagnosis,  and 
minor  surgery;  he  shared  in  the  responsibility  for  the  medical  care 
of  students  and  faculty  in  the  University  Infirmary,  a  task  which  his 
grandfather,  Mallett,  and  his  teacher,  Whitehead,  had  successively 
discharged  years  before  him;  he  engaged  in  the  practice  of  medicine 
in  the  community. 

In  1918  he  was  one  of  the  first  five  faculty  members  to  receive  the 
rank  and  title  of  Kenan  Professor,  bestowed  as  a  recognition  of  "dis- 
tinction in  research,  in  teaching,  or  in  service  to  the  University." 
Among  the  others  similarly  honored  were  President  Venable  and 
MacNider's  former  teacher,  Professor  Wilson.  In  1924  MacNider's 
title  was  changed  to  that  of  Kenan  Research  Professor;  in  1937,  while 
still  retaining  his  professorship,  he  became  Dean  of  the  Medical 
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School  and  served  in  that  capacity  for  three  years.  In  1950,  he  retired 
from  active  duty. 

MacNider's  work  in  Sollman's  laboratory  in  Cleveland  in  1908 
constituted  the  beginning  of  his  investigations  of  the  structure  and 
functions  of  the  kidney,  a  subject  which  became  a  central  research 
interest  for  the  rest  of  his  life.  It  is  described  in  a  preliminary  publi- 
cation in  1910  from  the  two  laboratories,  Western  Reserve  and  North 
Carolina,  followed  by  one  in  1911  from  the  Chapel  Hill  laboratory. 
In  it  he  aimed  to  study  processes  of  regeneration  in  a  necrotic  area 
of  the  kidney,  produced  by  ligation  of  a  branch  of  the  renal  artery 
in  dogs  and  cats.  Most  significant  in  relation  to  his  future  work  was 
the  finding  that  as  blood  vessels  and  connective  tissue  cells  grew  into 
the  area  new  tubules  were  formed,  the  cells  of  which  were  flat  and 
lacking  in  clearly  defined  boundaries. 

At  about  the  same  time,  influenced  by  the  work  of  Schlayer  in 
Germany  and  Pearce  in  the  United  States,  in  which  were  described 
the  effects  of  a  group  of  poisons  on  renal  structure  and  function,  he 
undertook  to  relate  the  effects  of  such  poisons  to  urine  formation 
and  to  the  action  of  diuretics.  Regarding  the  urine-forming  mecha- 
nism of  the  kidney  as  made  up  of  two  systems,  the  blood  vascular  in- 
cluding the  glomeruli,  and  the  epithelial  cells  of  the  tubules,  he 
hoped  to  find  a  poison  which,  by  selective  action,  would  disable  one 
system,  leaving  the  other  intact  and  thus  yield  conditions  for  a  con- 
clusion as  to  which  system  is  more  largely  responsible  for  urine  for- 
mation and  for  effectiveness  of  diuretic  drugs.  As  the  previous  work- 
ers had  shown,  cantharidin  and  arsenic  exhibited  predominantly 
vascular  effects;  chromates,  mercury,  and  uranium  acted  predomi- 
nantly upon  the  epithelium.  MacNider  found  that  urine  continued 
to  be  formed  and  diuretics  increased  urine  output,  even  when  the 
vascular  elements  were  the  seat  of  congestion,  provided  only  that 
the  tubular  epithelium  was  not  seriously  damaged;  however,  when 
the  epithelium  had  become  swollen,  vacuolized,  or  necrotic,  urine 
output  decreased,  even  to  the  point  of  anuria,  and  diuretics  failed  to 
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act.  These  latter  effects  he  attributed  to  obstruction  of  the  tubules 
by  the  swollen  epithelium  or  by  debris  of  necrotic  cells.  His  conclu- 
sion, emphasized  then  and  in  later  work,  was  that  the  functional 
capacity  of  the  nephritic  kidney  depends  more  upon  the  integrity  of 
the  epithelium  than  upon  the  responsiveness  of  the  vascular  mecha- 
nism. 

In  the  acute  experiments  with  diuretics  uranium  was  the  toxic 
agent  used.  The  principal  effect  of  a  small  dose  was  the  production 
of  cloudy  swelling  of  the  epithelium  of  the  distal  segment  of  the 
proximal  convoluted  tubule;  larger  doses  caused  fatty  degeneration, 
vacuolization,  and  necrosis,  extending  to  the  ascending  limb  of 
Henle's  loop,  where  stainable  lipoid  accumulated.  Glucose,  albumin, 
casts,  and  acetone  bodies  appeared  in  the  urine.  By  judicious  selection 
of  dose  and  time  interval,  the  character  and  severity  of  the  toxic 
effect  could,  to  some  extent  at  least,  be  predetermined.  From  this 
time  (1913)  on,  uranium  was  one  of  the  chief  tools  with  which 
MacNider's  renal  explorations  were  made. 

Further  study  of  diuretics  in  uranium  nephritis  not  only  con- 
firmed the  conclusion  stated  above,  but  added  other  leads.  These 
were:  (i)  that  the  severity  of  the  changes  which  uranium  produces 
in  renal  structures  and  urine  composition  is  greater  in  adult  than 
in  young  animals,  and  (2)  that  chloroform,  used  as  an  anesthetic  to 
permit  measurement  of  blood  pressure  and  kidney  volume,  intensi- 
fies the  severity  of  the  uranium  effects,  and  that  its  effect,  too,  is 
more  pronounced  in  old  than  in  young  dogs. 

Like  others  who  had  studied  experimental  nephritis,  MacNider 
was  impressed  by  the  frequency  with  which  the  kidneys  of  seem- 
ingly normal  dogs  showed  evidence  of  chronic  nephritis,  naturally 
acquired  through  unknown  causes.  Their  urine  contained  albumin 
and  casts;  the  kidneys,  examined  histologically,  revealed  a  primary 
chronic  glomerulo-nephritis.  Pathological  alteration  of  the  tubules 
was  relatively  insignificant.  Some  tubules  were  found  to  be  lined 
with  flattened,  atypical  cells,  evidence,  it  was  assumed,  of  previous 
degeneration  and  repair. 
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Experiments  carried  out  on  these  "naturally  nephropathic"  dogs, 
showed:  (i)  that  the  damaging  effect  of  uranium  was  more  intense 
and  wide-spread  than  in  normal  dogs;  (2)  that  the  tubular  regenera- 
tion which  followed  the  acute  effects  of  uranium  was  characterized 
by  the  production  of  flat  cells,  structurally  less  specialized  than  the 
normal  cells  which  they  replaced;  and  (3)  that  the  cells  of  the  re- 
generated epithelium,  when  subjected  to  a  second  poisoning  with 
uranium,  were  less  susceptible  to  its  destructive  effects  than  are  nor- 
mal cells.  In  these  experiments,  too,  age  was  found  to  be  a  factor; 
the  older  the  animal  the  more  severe  was  the  damage  effected  by 
uranium. 

Early  in  his  experiments  with  uranium,  MacNider  was  impressed 
with  the  occurrence  of  glucose,  acetone,  and  diacetic  acid  in  the  urine 
of  poisoned  animals.  There  was  a  rough  parallelism  between  the  ex- 
cretion of  these  substances  and  the  severity  of  the  poisoning.  The 
conclusion  that  acid  intoxication  is  a  factor  in  the  degree  of  damage 
produced  by  uranium  was  strengthened  by  finding  that  intravenous 
sodium  carbonate  lessened  not  only  the  excretion  of  acetone  bodies 
but  also  the  severity  of  epithelial  damage;  it  restored  the  capacity  of 
the  kidney  to  respond  to  diuretics. 

In  more  detailed  experiments,  the  acid  intoxication  from  uranium 
was  further  defined  by  measuring  the  decrease  in  blood  pH,  alkali 
reserve,  and  alveolar  COo  tension.  The  excretion  of  injected  phenol- 
sulfonephthalein  (PSP)  was  diminished;  urea  and  creatinine  were 
retained  in  the  blood.  All  of  these  effects  were  more  pronounced  in 
old  than  in  young  dogs.  The  disturbance  in  acid-base  equilibrium 
was  taken  to  represent  a  "tissue  acidosis,"  ascribable  to  a  general  in- 
hibition of  oxidative  enzymes  and  consequent  depression  of  internal 
cell  respirations.  It  was  assumed  that  such  enzymes  are  more  abun- 
dant in  the  tissues  of  young  animals,  and  that  this  was  a  possible 
reason  for  their  greater  resistance  to  die  action  of  uranium. 

The  foregoing  statements  indicate  the  direction  of  MacNider's 
chief  efforts  during  the  first  decade  of  his  investigative  career.  They 
disclosed  and  partially  clarified  problems  which  were  to  occupy  a 
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large  share  of  his  future  work  and  thought.  He  had  focused  upon 
uranium  because  of  the  selective  and  predictable  characters  of  its 
action  and  because  of  the  resemblance  between  the  nephropathy  pro- 
duced by  it  and  certain  nephroses  encountered  in  human  pathology. 
His  study  of  naturally  acquired  glomerulo-nephritis  in  dogs  offered 
similar  opportunities.  The  toxic  actions  of  chloroform  on  the  kidney 
presented  problems  of  practical  as  well  as  scientific  interest;  so  did 
the  acidosis  produced  both  by  chloroform  and  uranium.  Most  im- 
portant of  all  were  the  leads  which  he  had  opened  on  the  factor  of 
age  in  the  severity  of  tissue  poisonings  and  on  the  characters  of  tissue 
repair  after  injury. 

In  studies  of  the  chronic  effects  of  uranium,  specifically  directed 
at  the  factor  of  age,  MacNider  found  that  dogs  less  than  one  year 
old  consistently  survived  the  effects  of  dosages  of  uranium  which 
were  invariably  fatal  to  dogs  over  six  years  of  age.  The  old  dogs 
excreted  albumin,  casts,  and  glucose  in  large  amounts;  urea  and 
creatinine  accumulated  in  the  blood;  PSP  excretion  diminished  to 
zero;  the  alkali  reserve  of  the  blood  was  markedly  reduced.  Pro- 
found degeneration  and  necrosis  of  the  tubular  epithelium  was  found 
at  autopsy. 

Equivalent  doses  in  the  young  dogs  produced  far  less  intense  ef- 
fects both  upon  blood  and  urine  and  upon  renal  structures.  Swelling, 
edema,  and  necrotic  changes  were  less  severe,  and  as  early  as  the 
tenth  day  extensive  regenerative  repair  could  be  identified.  The  re- 
generated epithelial  cells  were  flat  and  less  specialized  in  structure 
than  were  the  normal  cells  which  they  replaced.  Urinary  abnormali- 
ties, with  the  exception  of  decreased  PSP  excretion,  disappeared.  The 
acid-base  equilibrium  of  the  blood  as  indicated  by  the  alkali  reserve 
was  restored  to  normal.  After  recovery  the  kidneys  presented  the 
picture  of  a  permanent  "chronic  diffuse  nephropathy." 

In  some  of  these  experiments,  the  chronic  effects  of  uranium  were 
followed  for  as  long  as  five  years.  Histological  study  of  the  kidneys 
of  these  animals  revealed  two  different  types  of  epithelial  repair.  In 
one  type  there  was  reconstruction  of  typically  normal  cuboidal  cells, 
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brought  about  by  processes  of  mitosis  from  cells  which  had  not  un- 
dergone extensive  destruction.  In  the  other  type,  structural  repair 
took  place  by  an  ingrowth  of  the  flat  cells,  above  referred  to,  rela- 
tively nonspecialized  and  imperfectly  differentiated. 

Studies  were  made  to  learn  how  these  two  types  of  regenerated 
epithelium  would  react  to  a  second  attack  by  uranium.  In  those  ani- 
mals which  had  survived  a  first  poisoning  and  whose  kidneys  on 
biopsy  showed  restoration  of  epithelium  of  the  normal  type,  the 
second  poisoning  produced  even  more  severely  destructive  effects 
than  did  the  first.  They  succumbed  with  all  the  symptoms,  func- 
tional and  pathological,  produced  by  a  larger  dose  given  to  a  normal 
animal. 

On  the  other  hand,  animals  which  had  survived  a  first  poisoning 
with  the  development  of  a  chronic  nephritis  and  replacement  of 
normal  tubular  epithelium  by  flat,  atypical  cells,  survived  a  second 
dose  even  larger  than  the  first,  with  no  degenerative  changes  in  those 
atypical  cells.  It  was  apparent  that  a  resistance  to  the  toxic  action  of 
uranium  had  been  acquired  as  a  result  of  the  substitution  of  atypical 
"embryonic"  cells  for  the  more  specialized,  more  susceptible  cells 
which  had  been  destroyed  by  the  first  poisoning. 

Concurrently  with  MacNider's  studies  of  the  pathology  of  renal 
damage  inflicted  by  uranium  or  chloroform  came  his  recognition  of 
disturbances  of  general  metabolism  as  indicated  by  the  associated 
acidosis.  He  found  that  reduction  in  the  alkali  reserve  of  the  blood 
might  occur  before  morphological  changes  in  renal  structure  could 
be  identified.  His  conclusions  in  this  connection  are  summarized 
at  the  end  of  a  series  of  papers  in  the  Journal  of  Metabolic  Research 
(1926)  as  follows: 

First,  "The  nephrotoxic  action  of  uranium  nitrate  is  in  large 
measure  due  to  its  ability  to  induce  and  maintain  a  disturbance  in 
the  acid-base  equilibrium  of  the  blood  which  is  furnished  to  the 
kidney,  and  in  which  blood  chemical  environment  this  organ  must 
attempt  to  functionate  in  a  normal  manner.  There  is  no  reason  to 
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suppose  that  a  similar  statement  does  not  apply  to  other  organs 
equally  important,1' 

Second,  "In  certain  animals  acutely  nephropathic  from  uranium 
the  use  of  sodium  bicarbonate  maintains  the  equilibrium  of  the 
blood.  In  such  animals  there  is  less  evidence  of  renal  injury  and  a 
more  perfect  maintenance  of  renal  function,"  and 

Third,  "In  other  acutely  nephropathic  animals  and  in  all  animals 
with  a  naturally  acquired  glomerulo-nephropathy  in  which  an  acute 
injury  has  been  superimposed  on  the  chronic  process,  the  use  of 
sodium  bicarbonate  was  unable  to  maintain  this  equilibrium.  In  such 
animals  there  was  a  marked  disturbance  in  both  the  functional  re- 
sponse of  the  kidney  and  in  the  degree  to  which  the  kidney  was 
histologically  preserved." 

In  these  conclusions  can  be  discerned  the  recognition  of  a  general 
condition  which  he  came  to  refer  to  as  the  "instability  of  the  acid- 
base  equilibrium  of  the  blood" — a  state  in  which,  while  measure- 
ment of  the  actual  blood  balance  of  acid-base  may  yield  a  normal 
figure  for  the  alkali  reserve,  the  total  reserves  of  the  body  are  in- 
adequate to  provide  supplies  of  base  necessary  to  compensate  for 
excessive  demands  incident  to  excessive  acid  production  or  accum- 
ulation. The  situations  in  which  such  instability  is  to  be  found  were 
old  age,  advanced  pregnancy,  particularly  in  old  animals,  and 
chronic  renal  disease,  either  naturally  acquired  or  resulting  from  an 
acute  chemical  or  pathogenic  insult  from  which  partial  recovery  had 
occurred. 

Although  the  chief  focus  of  MacNider's  investigative  interest  was 
the  kidney,  he  was  wholly  aware  that  other  physiological  systems  are 
involved  in  the  complex  of  effects  produced  by  the  poisons  which  he 
studied.  As  early  as  1919  he  described  the  acute  effects  of  uranium 
and  mercury  on  the  liver,  and  in  1932  he  systematically  undertook 
experiments  on  that  organ,  similar  in  design  to  those  on  the  kidney. 
Uranium  and  chloroform  were  the  agents  used;  excretion  of  phenol- 
tetrachlorphthalein  (TCP)  served  as  a  test  of  liver  function;  alkali 
reserve  of  blood  indicated  the  state  of  the  acid-base  equilibrium; 
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morphological  changes  were  followed  by  histological  examinations 
of  liver  tissue,  repeatedly  taken  at  biopsies  during  the  course  of  and 
again  at  the  end  of  each  of  many  experiments.  The  results  were  so 
like  those  obtained  in  studies  of  the  kidney  that  they  require  only 
brief  description. 

A  small  dose  of  uranium  (2  mg.  per  kilo)  caused  albuminous  de- 
generation and  edema  of  liver  cells  with  little  extensive  necrosis. 
Excretion  of  TCP  was  delayed  and  alkali  reserve  reduced.  Some  four 
weeks  later,  cell  structure  had  become  normal,  TCP  excretion  ap- 
proached normal,  and  the  alkali  reserve  was  restored.  When  such  a 
dog,  after  recovery,  was  given  a  second  dose  of  uranium  the  effects 
were  as  severe  as  those  which  followed  the  initial  dose. 

When  a  larger  initial  dose  of  uranium  was  given  (4  mg.  per  kilo) 
extensive  necrosis  of  liver  cells  resulted,  with  greater  decrease  in 
alkali  reserve  and  longer  delay  in  TCP  excretion.  After  four  to  six 
weeks  the  degenerated  liver  epithelium  was  found  to  have  been  re- 
placed by  flattened  cells,  less  specialized  in  structure  than  the  normal, 
which  frequently  formed  syncytial  cords  of  imperfectly  differenti- 
ated cell  substance. 

Dogs  which  survived  the  larger  dose,  when  again  poisoned  with 
uranium,  resisted  the  second  poisoning  if  the  second  close  of  uranium 
was  the  same  as  the  first.  The  atypical  cells  did  not  show  injury; 
function  as  indicated  by  TCP  was  little  affected.  Tissue  resistance 
had  developed.  However,  if  the  second  dose  of  uranium  was  suffi- 
ciently large,  degenerative  change  in  the  atypical  cells  did  occur. 
Their  acquired  resistance  did  not  constitute  an  immunity. 

Similar  results  yielding  similar  conclusions  were  obtained  in  ex- 
periments in  which  the  second  poisoning  was  produced  by  chloro- 
form rather  than  uranium. 

Finally,  it  was  found  that  in  some  "senile"  dogs,  the  "normal" 
liver  epithelium  was  of  the  flat,  syncytial  type,  and  that  these  animals 
exhibited  a  resistance  to  uranium  and  chloroform  similar  to  that 
exhibited  by  animals  in  which  atypical  epithelium  had  developed  as 
a  sequel  to  the  acute  injury. 
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In  concluding  a  description  of  the  above  experiments  MacNider 
remarks  that  in  considering  susceptibility  or  non-susceptibility  to 
disease,  especially  those  characterized  by  degenerative  rather  than 
inflammatory  processes,  the  factor  of  changed  morphology  and 
changed  power  to  resist  must  be  recognized.  Such  shifts  —  meta- 
plasias —  in  fixed  cell  types,  as  these  experiments  demonstrate,  are 
examples  of  adaptation  of  animal  tissues  and  organisms  as  a  whole  to 
an  initially  unfavorable  physico-chemical  environment;  they  may  in 
part  explain  the  survival  of  the  fittest. 

The  foregoing  account  is  limited  to  the  major  and  what  is  believed 
to  be  the  most  important  part  of  MacNider's  investigative  efforts. 
It  is  inadequate  in  that  it  fails  to  portray  the  passion  for  the  discovery 
of  new  truth  through  experimentation  which  animated  his  life.  "Re- 
search in  any  field  is  done  primarily  to  find  some  new  truth  or  part 
of  a  truth  —  regardless  of  immediate  or  practical  application.  .  .  . 
The  finding  of  some  small  piece  of  truth  is  sufficient  reward"  (1920). 
"The  desire  to  understand  the  unknown  and  the  will  to  sacrifice  to 
gain  such  information  is  the  spiritual  inwardness  of  University  life" 


It  fails  also  to  picture  the  enthusiasm  which  carried  him  through 
recurring  discouragements  in  the  course  of  his  studies.  Hundreds  of 
experiments,  requiring  countless  observations,  analyses,  and  studies 
of  tissue  sections  were  conducted  at  the  cost  of  unceasing  labor  and 
great  personal  expense;  the  camera  lucida  drawings  and  photomicro- 
graphs with  which  his  papers  are  suberbly  illustrated  were  secured 
largely  at  his  own  expense.  At  times  he  was  desperate  for  funds 
needed  to  carry  his  dogs  over  a  summer  vacation.  Once  the  Ella  Sach 
Plotz  Foundation  came  to  his  rescue;  at  other  times  he  pledged  his 
own  property.  Nights,  Sundays,  and  vacation  days  were  opportuni- 
ties for  research,  as  much  as  for  relaxation  and  rest.  Often  a  new 
observation  would  arouse  excitement.  In  1932,  for  example,  a  hastily 
written  letter  begins,  "Did  I  tell  you  I  had  found  a  peach  of  a  thing 
in  the  liver?"  It  goes  on  to  describe  the  discovery  of  flattened,  ribbon- 
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like  cords  of  liver  cells,  highly  resistant  to  chloroform,,  in  a  dog, 
normal  except  for  advanced  age,  and  continues  with  the  surmise  that 
"the  entire  question  of  resistance  and  immunity  can  not  be  explained 
on  a  humoral  basis,  antibody  formation  or  on  the  activity  of  wander- 
ing cells." 

MacNider  realized  that  the  morphological  changes  which  he 
identified  must  be  the  visible  manifestations  of  chemical  and  physi- 
cal complexities  which  were  beyond  the  powers  of  his  microscope 
and  his  chemical  skill;  thus  deterred  from  their  more  intimate  analy- 
sis, in  his  later  years  he  devoted  some  of  his  energy  to  the  develop- 
ment of  broader  biological  generalizations.  These  reflected  the  influ- 
ence of  wide,  serious,  nontechnical  reading,  and  especially  of  the 
philosophical  writings  of  two  scientists  whom  he  revered,  L.  J.  Hen- 
derson and  J.  S.  Haldane.  This  phase  of  his  mind  is  shown  in  the 
titles  of  papers  published  during  the  last  decade  of  his  life  such  as 
"Adjustability  of  the  Life  Process  to  Injurious  Agents"  and  "Age, 
Change  and  the  Adapted  Life."  This  account  would  be  incomplete 
if  these  themes  were  not  represented  in  it. 

Concerning  adaptation:  "Fixity  of  any  order,  even  fixity  of  pur- 
pose, tends  to  bind  and  render  inelastic  the  structure  or  the  indi- 
vidual in  which  such  a  property  develops.  It  is  a  quality  which  is 
inimical  to  adaptation,  and  tissues  or  organisms  without  this  quality 
of  elasticity,  of  variability,  have  difficulty  in  meeting  the  exigencies  of 
life  which  is  made  up  of  periods  of  adequate  adaptation  which  may 
be  of  such  a  specialized  nature  as  to  produce  the  symptoms  and  later 
show  the  signs  of  disease. 

"In  thinking  of  the  adjusted  normal  animal  organism  and  the 
changes  it  can  withstand  one  must  conclude  with  a  certain  degree 
of  assurance  that  the  life  span  of  such  an  individual  was  intended 
to  be  much  longer  than  we  now  make  it. 

"Such  natural  factors  of  safety  have  not  been  appreciated  by  us  as 
reserves.  Through  excess  we  have  foolishly  drawn  upon  them  in 
their  abundance  for  our  normal  way  of  life  and  depleted  these  f ac- 
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tors  of  safety.  Over-exercise,  over-eating,  over-worrying.,  more  rarely 
over-drinking  diminish  these  factors  of  endowed  and  natural  safety, 
this  abundant  reserve  tissue,  and  prepare  us  for  the  advent  of  tissues 
so  different  from  the  reserve  that  we  designate  them  pathological. 
However,  even  tissues  of  this  order  may  safeguard  us  against  our- 
selves by  furnishing  us  an  excess  of  tissue  which,  although  altered, 
not  only  functions  and  in  part  adjusts  us,  but  at  the  same  time  en- 
dows us  with  a  factor  of  resistance  against  further  injury. 

"Even  in  those  states  of  tissue  change  which  are  designated  disease 
there  is  evidence  that  we  may  become  readjusted  to  them  at  certain 
modified  levels  of  physiological  effectiveness.  There  is  an  inherent 
urge  on  the  part  of  cells,  not  for  death,  but  for  life.  The  changes  of 
degeneration  which  many  such  units  can  withstand  and  their 
capacity  of  recuperation  and  repair,  if  given  an  opportunity,  consti- 
tute, as  a  composite,  one  of  the  major  manifestations  of  life. 

"These  changes  in  cell  form  as  life  adjusts  and  adapts  itself  to  a 
variety  of  chemical  experiences  are  impressive  as  they  give  to  one 
a  conception  of  the  elasticity  and  adjustability  of  such  changes,  ever 
tending  to  adapt  an  organ  in  which  they  occur  and  the  organism, 
the  individual  as  a  whole,  to  life  at  some  level  of  effectiveness.  The 
observations  lead  one  away  from  a  concept  of  the  fixity,  the  static 
nature  and  inelasticity  of  life  processes,  even  when  expressed  as 
chemical  equations  within  cells,  as  a  form  of  life.  It  would  appear 
that  change  is  the  essence  of  life  and  that  an  organ  or  organism,  with 
the  greater  degree  of  adaptability  to  changed  conditions  is  in  turn 
the  more  likely  to  survive. 

"Finally  and  in  summary,  when  we  contemplate  our  varied  factors 
for  safety,  for  a  continuation  of  life  as  an  everchanging,  shifting,  yet 
balanced  living  entity,  we  may  wonder  at  the  brief  duration  of  our 
life  span.  The  duality  of  certain  organs  and  the  superabundance  of 
reserve  tissue  in  those  not  so  paired,  the  ability  of  tissues  automati- 
cally to  throw  into  operation  functional  defense  mechanisms,  de- 
generative changes  in  tissues  leading  to  processes  of  repair  which 
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afford  tissue  resistance,  all  tend  to  hold  us  not  only  in  life,  but  in  a 
balanced  and,  in  some  measure,  an  effective  life." 

It  will  have  been  noted  that  even  in  the  very  early  stages  of  Mac- 
Nider's  studies  of  the  reactions  of  tissues  to  poisons  he  clearly  recog- 
nized the  influence  of  age  on  the  intensity  and  quality  of  effect;  as 
more  and  more  evidence  accumulated,  he  insisted  with  increasing 
emphasis  upon  the  importance  of  the  study  of  the  aging  process.  It 
was  natural,  therefore,  that  he  should  have  been  one  of  those  who, 
more  than  twenty  years  ago,  advocated  and  worked  for  the  develop- 
ment of  gerontology  and  geriatrics  as  discrete  divisions  of  human 
biology  and  medicine.  His  mature  belief  is  indicated  in  the  following 
quotation: 

"Many  are  interested  in  embryonic  life;  the  life  of  infancy  and 
childhood;  the  changing  life  and  puberty;  but  few  are  interested  in 
the  changing  life  of  the  middle  aged  as  it  advances  into  senility  and 
finally  to  a  senile  and  perhaps  physiological  death. 

"Understanding  the  physical  and  chemical  changes  associated  with 
the  aging  process  is  more  important  and  more  difficult  than  that  of 
changes  in  infancy  and  childhood.  In  the  latter  the  life  urge  is  to- 
ward survival;  in  the  former  the  tendency  is  the  reverse. 

"Infancy  and  youth,  the  aged,  and  the  senile  represent  chemical 
equations  in  progressive  adventure  from  life  into  death.  The  usual 
concept  of  age  is  that  of  a  fixed,  natural  and  irreversible  process, 
chronologically  determined  by  the  species  of  animal,  which  within 
certain  fairly  constant  limitations  terminates  in  death.  Age  and  the 
processes  constituting  it  should  be  seen  and  appreciated  as  living, 
fluid,  elastic  states  of  give-and-take  for  the  sake  of  adjustment  as  an 
organism  passes  through  its  life  span  with  those  changes  indicative 
of  aging  being  in  some  measure  manifestations  of  an  attempt  of 
such  an  organism,  man,  to  effect  a  working  adaptation  to  these 
years.  Certain  of  these  signs  of  aging  represent  failures  in  such  an 
attempt.  The  important  consideration  for  the  student  of  aging  is  to 
ascertain  the  reasons  for  such  failure  and  the  cause  for  those  states  of 
premature  aging  and  instability  which  unrelate  the  individual  to 
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that  environment  in  which  he  has  to  live  and  maintain  functional 
adjustment. 

"The  aging  process  is  not  one  which  proceeds  from  a  certain  peak 
of  perfection  uninterruptedly  downward.  Its  course  is  characterized 
by  variations  in  cell  susceptibility  and  transitory  states  of  cell  re- 
sistance which  give  an  irregular  curve  of  downward  progress — 
points  of  depression,  increased  susceptibility;  points  of  elevation, 
variable  in  duration  at  which  resistance  is  increased.  As  aging  pro- 
gresses such  transitory  states  of  cell  adaptation  to  it  become  less  and 
less  effective,  finally  manifesting  their  inability  in  terms  of  such  de- 
pressed function  or  lack  of  function  on  the  part  of  an  organ  system 
that  the  life  of  the  organism  as  a  whole  comes  to  an  end." 

It  is  appropriate  now  to  attempt  to  identify  and  estimate  the  in- 
fluence which  MacNider's  work,  ideals,  and  personality  exerted 
upon  the  progress  of  medicine,  upon  the  University  in  which  he 
worked  for  more  than  half  a  century,  and  upon  the  individuals  with 
whom  he  lived. 

His  part  in  the  early  stages  of  development  of  gerontology  and 
geriatrics  in  this  country — disciplines  which  now  have  their  own 
national  societies  and  journals — was  an  outcome  of  his  long  in- 
sistance  on  the  part  played  by  age  in  the  reactions  of  tissues  of  lab- 
oratory animals  to  poisons  and  upon  age  alone  as  a  factor  in  tissue 
change.  In  1937  he  was  an  active  participant  in  a  conference  of  some 
twenty  scientists  called  to  discuss  material  on  aging  which  was  to 
be  assembled  in  a  book  planned  by  E.  V.  Cowdry  and  published  in 
1939  under  the  title  Problems  of  Ageing.  That  conference  was  the 
first  of  a  long  series,  sponsored  and  supported  by  the  Josiah  Macy 
Jr.  Foundation,  which  gave  strong  impetus  to  the  advancement  of 
knowledge  of  that  field.  For  six  consecutive  years,  1940  to  1946,  Mac- 
Nider  was  chairman  of  those  conferences,  and  the  group,  under  his 
chairmanship,  has  been  credited  with  having  played  the  leading  role 
in  the  development  of  the  field  of  aging  in  this  country.  When  the 
Gerontological  Society  was  founded,  MacNider  was  its  first  presi- 
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dent.  He  was  a  member  of  the  National  Research  Council's  Com- 
mittee on  Aging  and  became  consultant  on  aging  to  the  National 
Institutes  of  Health. 

Similarly  specific  examples  of  leadership  in  the  broader,  more  gen- 
eral areas  of  medicine  are  less  easy  to  define,  but  there  are  many  im- 
pressive evidences  available  which  prove  the  extent  and  value  of  his 
influence.  In  the  south  particularly,  he  came  to  be  regarded  as  the 
regional  personification  of  the  relationship  between  experimental 
science  and  medical  advance — witness  his  presidencies  of  the  North 
Carolina  State  Medical  Society  (1925-26)  and  the  Elisha  Mitchell 
Scientific  Society,  his  honorary  degrees  from  the  Medical  College 
of  Virginia  (1933)  and  from  Davidson  College  (1934),  and  the 
many  invitations  he  received  to  address  southern  medical  organiza- 
tions. A  member  of  the  Association  of  American  Physicians,  in  1941 
he  received  its  highly  prized  Kober  Medal.  He  received  and  accepted 
one  of  the  annual  invitations  given  by  the  Medical  Staff  of  the  Peter 
Bent  Brigham  Hospital  to  come  to  Boston  and  for  a  month  to  as- 
sume the  duties  of  Physician-in-Chief  in  that  hospital — an  extraor- 
dinary tribute  to  be  given  to  a  laboratory  man.  Another  distinction, 
similarly  unusual,  was  the  selection  of  Dr,  MacNider  to  deliver  the 
Convocation  Address  at  the  twenty-second  annual  session  of  the 
American  College  of  Physicians  in  1942.  For  many  years  he  served 
as  a  member  of  the  National  Board  of  Medical  Examiners;  in  1927 
he  was  chairman  of  the  Section  of  Pharmacology  and  Therapeutics 
of  the  American  Medical  Association;  for  two  years,  1932  to  1934, 
he  was  the  elected  president  of  the  American  Society  of  Pharmacol- 
ogy and  Experimental  Therapeutics,  and  in  1941-42  was  president 
of  the  Society  for  Experimental  Biology  and  Medicine.  The  New 
York  Academy  of  Medicine  gave  him  the  Gibbs  Prize  for  the  year 
1930-31,  and  he  received  the  Research  Medal  of  the  Southern  Medi- 
cal Association  in  1933.  Dr.  MacNider  was  elected  to  the  National 
Academy  of  Sciences  in  1938. 

His  work  on  the  effects  of  anaesthetics  on  acid-base  equilibrium 
can  be  regarded  as  having  had  an  influence  in  hastening  recognition 
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of  the  importance  of  protecting  the  electrolyte  balance  in  relation 
to  pre-  and  postoperative  surgical  care.  He  was  a  member  of  the 
research  committee  of  the  National  Anaesthesia  Research  Society, 
and  in  1934-35  was  president  of  the  International  Research  Society. 

Neither  an  account  of  MacNider's  laboratory  investigations  nor 
a  listing  of  his  services  to  medical  organizations  and  of  the  honors 
bestowed  on  him  represents,  it  is  believed,  the  most  important  fruits 
of  his  character  and  activities — those  which  will  be  longest  re- 
membered and  have  the  most  lasting  influence.  These  are  more  dif- 
ficult to  portray.  They  require  familiarity  with  the  spirit  of  the  man, 
shown  in  devotion  to  his  profession,  to  the  University  which  he  loved 
and  served,  to  his  students,  to  his  neighbors,  and  to  his  friends,  who 
were  legion. 

First  of  all,  he  was  a  physician,  a  true  country  doctor,  whose  readi- 
ness to  care  for  the  sick  never  lessened.  It  is  as  remarkable  as  it  is 
unusual  that  one  whose  chief  pursuits  were  in  the  laboratory  and 
classroom  should  have  so  long  continued  to  be  on  call  for  patients 
who  wanted  him.  His  earliest  models  were  his  grandfather,  Mallett, 
and  his  teacher,  Whitehead ;  later  he  was  strongly  influenced  by  the 
two  Roysters,  father  and  son,  and,  in  a  special  degree,  by  Osier.  Like 
them,  he  never  regarded  a  patient  as  "a  case,"  but  always  as  a  whole 
human  being  in  need  of  all  the  help  that  another  human  being  who 
happened  to  be  a  doctor  could  give. 

He  had  little  respect  for  a  doctor  who  looked  upon  his  profession 
as  a  means  of  personal  enrichment,  or  for  one  who  allowed  social 
engagements  or  the  financial  status  of  a  patient  to  influence  his  re- 
sponse to  a  need.  One  of  his  friends,  disclaiming  interest  in  what 
MacNider  did  in  his  laboratory,  asked  "How  does  he  manage  to  get 
around  to  help  so  many  folks  who  are  sick  or  otherwise  in  trouble?" 

He  was  a  competent  doctor.  During  the  influenza  epidemic  of 
1918,  he  was  made  responsible  for  the  medical  care  of  students  and 
faculty  in  the  infirmary.  His  associate,  Dr.  Coppridge,  said  he  had 
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never  seen  Dr.  MacNider's  peer  in  the  art  of  diagnosis  or  in  the 
mastery  of  scientific  therapeutics. 

He  did  not  spare  himself.  One  twenty-four-hour  day  can  be  cited. 
Called  one  evening  to  a  farm  two  miles  from  town  he  found  a 
woman,  pregnant  with  twins,  in  a  state  of  eclampsia.  Helped  by  the 
husband  and  a  Negro  midwife  who  gave  chloroform,  he  did  a  for- 
ceps delivery  of  the  first  child,  breech  presentation;  he  encountered 
no  difficulty  with  the  second.  Treatment  for  shock  was  inaugurated 
with  heat,  coffee,  and  morphine.  Back  to  the  University  for  an  8:00 
A.M.  lecture  in  pharmacology.  That  finished,  back  to  his  patient, 
who  was  responding  well  to  treatment.  The  midwife  was  feeding 
the  babies  with  warm  milk  and  corn  bread  crumbs!  Then  in  the 
afternoon,  a  lecture  in  pathology.  A  final  visit  to  the  patient,  and 
the  day  was  over. 

In  considering  MacNider's  service  to  the  University  as  a  whole,  it 
is  interesting  to  recall  that  his  fifty-one  years  of  faculty  membership 
lasted  for  slightly  more  than  one  third  of  the  active  existence  of  the 
University  up  to  the  year  of  his  death,  that  period  covered  the  full 
terms  of  office  of  four  presidents  and  the  beginning  year  of  a  fifth. 
The  University  and  the  town  of  Chapel  Hill  were  founded  at  the 
same  time,  1795.  The  University  had  its  most  vigorous  growth  from 
a  college  to  a  university  during  the  years  1900  to  1930,  and  the  popu- 
lation of  the  town  grew  in  those  years  from  1,100  to  about  3>ooo,  so 
that  there  is  literal  truth  in  the  statement  that  MacNicler  grew  up 
along  with  both  the  University  and  the  community. 

The  following  quotations  from  a  tribute  written  by  Chancellor 
Robert  B.  House  shortly  after  MacNider's  death  are  excellent  expres- 
sions of  what  the  writer  of  this  memoir  wishes  this  section  to  contain: 

"Will  MacNider  was  the  most  completely  identified  personality 
in  body,  mind  and  spirit  with  Chapel  Hill  and  its  environs  and  its 
people,  and  with  the  University  of  North  Carolina  of  any  man  with 
whom  we  have  been  associated.  ...  I  found  him  attuned  to  every 
main  value  the  University  stood  for  and  able  to  convey  to  students 
the  spirit  and  feeling  of  what  education  was  all  about. 
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"He  was  almost  a  life-long  member  of  the  University  Advisory 
Committee.  ...  I  know  of  nothing  of  any  significance  in  any  de- 
partment or  field  of  University  effort  which  Dr.  MacNider  had  not 
lovingly  and  thoughtfully  considered  and  advised  on  with  perfect 
frankness  and  sincerity. 

"I  think  that  such  beauty  as  architecture  has  given  to  our  campus, 
such  protection  of  woods  and  natural  beauty  here  as  has  been 
achieved  by  zoning,  owe  much  to  Bill  MacNider.  ...  He  was  al- 
most all  his  life  a  member  of  the  University  Building  Committee, 
instant  and  stalwart  in  support  of  appropriateness,  dignity  and 
beauty." 

In  1946,  his  colleague  Dr.  Coppridge  wrote: 

"In  1936  the  life  of  the  Medical  School  was  threatened  because  of 
certain  actions  taken  by  national  standardizing  bodies,  directed 
against  the  two-year  medical  schools  of  this  country.  Dr.  MacNider, 
in  an  able  and  energetic  presentation  of  the  case  for  the  two-year 
schools,  won  for  them  the  approval  that  was  necessary  for  their 
continued  existence.  He  argued  sanely  and  eloquently  that  there  is  a 
place  in  any  university  for  the  teaching  of  basic  medical  sciences, 
and  the  weight  of  his  arguments  has  held  until  this  day." 

One  of  the  great  material  benefits  which  issued  from  Dr.  Mac- 
Nider's  devotion  to  the  University  was  a  new  laboratory  building  for 
the  medical  sciences,  for  it  was  largely  through  his  efforts  while 
Dean  of  the  Medical  School  from  1937  to  1940  that  the  funds  re- 
quired for  its  construction  were  acquired.  After  his  death,  by  action 
of  the  trustees,  the  building  was  named  for  him. 

Because  of  the  part  which  MacNider  played  for  half  a  century  in 
the  growth  of  his  University  it  seems  fitting  that  this  account  of  his 
relations  with  it  should  close  with  a  sentence  written  by  the  Louis- 
ville newspaper  editor,  Mark  F.  Ethridge,  in  1939: 

"When  the  historian  comes  50  years  from  now,  to  deal  with  the 
Southern  Renaissance,  he  will  have  to  say,  as  he  can  say  in  all  truth, 
that  its  primary  impulse  came  from,  and  its  greatest  influence  was 
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the  University  of  North  Carolina.  This  little  City  of  Chapel  Hill  has 
become  indeed  the  Capital  of  the  Southern  Mind." 

What  is  now  to  be  written  concerning  MacNider's  influence  upon 
the  students  who  made  up  his  classes  in  the  Medical  School  relates 
to  the  dominant  element  of  his  life  work.  Forty-four  successive 
classes  received  instruction  and  inspiration  from  him.  The  core  of 
his  educational  philosophy  was  put  into  words  written  in  1909:  "The 
development  of  such  a  course  [pharmacology]  depends  primarily 
upon  the  intensity  of  the  desire  on  the  part  of  the  instructor  to  aid 
in  turning  out  better  medical  men;  and  secondly  it  depends  upon  the 
appreciation  of  animal  work  when  it  is  carefully  and  accurately 
done  by  the  student." 

That  sentence  shows  that  his  aim  was  to  help  his  students  to  be- 
come good  doctors — not  research  scientists;  but  it  gives  no  hint  of 
the  intimacy  with  which  he  entered  into  their  lives  and  gained  their 
friendship.  Because  the  Chapel  Hill  school  offered  only  a  two-year 
course,  it  was  necessary  that  his  students,  on  leaving  should  gain 
admission  to  a  four-year  school  elsewhere  in  order  to  achieve  the 
M.  D.  degree.  Wherever  they  went,  the  quality  of  their  two-year 
training  caused  North  Carolina  students  to  be  regarded  as  preferred 
candidates;  they  bore  an  impress  clearly  recognizable  as  that  of 
MacNider's  sincerity  of  character  and  love  of  truth.  He  told  his 
students,  "You  must  not  be  satisfied  with  the  statements  of  others, 
but  you  must  doubt,  you  must  inquire  and  you  must  express  your 
misgivings  by  tests."  Again  and  again  he  sought  to  inspire  them  with 
humility  and  reverence  in  the  face  of  the  mysteries  of  living  crea- 
tures. In  their  third  and  fourth  year  work  in  other  schools,  they 
found  it  hard  to  tolerate  teachings  which  seemed  to  run  counter 
to  what  they  had  learned  from  him.  Their  lasting  trust  in  him  and 
his  friendship  brought  many  of  them  back  to  him  in  later  years  for 
counsel  in  their  difficulties. 

When  he  retired  from  teaching  in  1950,  a  former  pupil,  then  in 
the  armed  forces  overseas,  wrote:  "I  feel  sure  that  if  you  could  know 
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the  real  place  you  have  in  the  hearts  of  forty-four  years  of  doctors 
you  would  seek  no  other  reward  and  no  other  justification  for  hav- 
ing taught  so  long,  for  having  been." 

And  the  medical  class  of  1949  gave  him  a  scroll,  signed  by  each 
member: 

"Throughout  the  lifetime  of  a  student  of  medicine  he  attends 
many  classes,  listens  to  innumerable  lectures,  is  instructed  by  count- 
less individuals.  Occasionally,  indeed  rarely,  it  falls  his  privilege  to 
be  associated  with  some  truly  outstanding  personality,  a  person 
whose  influence  is  woven  into  the  pattern  of  the  student's  life. 

"We,  the  class  of  Nineteen  Hundred  Forty-nine,  desirous  of  recog- 
nizing such  a  man  as  this,  do  hereby  present  this  certificate  of 
appreciation  to: 

DR.  WILLIAM  DEBERNIERE  MACNIDER 

"Though  our  association  has  been  brief,  he  has  given  to  us  a 
glimpse  of  the  knowledge  which  is  never  found  on  the  printed  page 
of  a  text-book  or  medical  journal.  He  has  taught  us  pride  without 
snobbishness,  and  devotion  to  a  concept  without  bigotry.  With  his 
own  life,  he  has  presented  us  with  an  ideal  of  Christian  counsellor, 
loyal  friend  and  truly  good  physician." 

One  of  the  students  was  responsible  for  the  conception  which  led 
to  the  publication  in  1953  of  a  book,  The  Good  Doctor,  in  which 
selections  from  MacNider's  writings  are  assembled,  together  with 
tributes  from  University  officials;  some  of  the  quotations  in  this 
memoir  have  been  taken  from  that  book. 

What  remains  to  be  written  concerns  personal  relations  with 
family,  friends,  and  the  community  of  which  he  -was  so  intimate  a 
part.  After  his  marriage  in  1918  to  Sarah  Jane  Foard  of  Salisbury, 
N.  C,  the  old  home  in  which  he  was  born  was  given  up  and  he  and 
his  wife  moved,  with  his  mother  and  his  aunt,  to  the  house  on  East 
Franklin  Street  which  they  occupied  during  the  rest  of  his  life.  It 
became  a  center  of  hospitality  for  his  friends  in  Chapel  Hill,  a  symbol 
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of  southern  welcome  to  his  friends  from  the  north.  His  wife  was  a 
never-failing  support  and  ally;  her  reticent  Presbyterian  uprightness 
was  a  foil  to  the  seeming  insouciance  with  which  he  often  masked 
his  Episcopalian  faith. 

They  had  no  money  to  waste.  He  tended  to  be  extravagant  in 
such  things  as  books,  orchestral  and  operatic  records,  travel  to  scien- 
tific meetings,  and  entertainment;  she  was  the  one  who,  knowing 
what  those  things  meant  to  him  and  sharing  his  enjoyment  of  them, 
at  the  same  time  knew  how  to  keep  the  family  economy  in  balance. 

It  was  in  that  home  that  his  daughter,  Sallie  Foard,  was  born; 
she  became  his  most  intimate  companion  in  everything  which  exer- 
cised his  mind  and  heart. 

MacNider  was  possessed  of  a  deeply  religious  belief,  which  un- 
obtrusively permeated  all  of  his  relationships.  He  loved  the  Episcopal 
Church  of  which  he  was  a  vestryman,  and  found  solace  in  its  service. 
On  one  Good  Friday  he  is  known  to  have  dismissed  his  class  and 
led  them  to  the  service  there.  He  seemed  to  be  on  terms  of  informal 
intimacy  with  Jesus,  often  startling,  as  when,  in  a  quandary,  he 
would  blurt  out  the  question  "What  would  He  do  in  such  a  case  ?"  In 
this  he  saw  no  inconsistency  with  good  fellowship  and  conviviality. 

It  has  already  been  said  that  he  approached  his  own  and  his  stu- 
dents' experiments  with  an  attitude  of  reverence  for  the  mysteries 
which  they  disclosed — to  him  they  were  "manifestations  of  the  pres- 
ence and  the  wisdom  of  God," 

Reference  has  been  made  to  his  love  of  nature.  The  environs  of 
Chapel  Hill,  especially  when  the  dogwoods  were  in  bloom,  were  a 
source  of  intoxicating  joy;  his  garden,  planted  and  cultivated  by 
himself,  was  his  delight.  In  the  April  before  his  death  he  wrote, 
"Just  at  the  rear  of  our  home  is  a  triangular  piece  of  land,  300  by 
100  feet  at  the  base.  Hundreds  of  jonquils,  the  bulbs  planted  five 
years  ago,  are  now  in  bloom,  not  bedded,  but  free  and  happy.  On 
either  side  of  the  triangle  a  japonica  hedge,  also  in  full  bloom." 
From  that  garden,  every  spring,  he  carried  flowers  to  his  near-by 
friends  and  sent  them  to  those  more  distant.  Regularly,  too,  he  sent 
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his  marigold  seeds  to  the  people  he  loved,  not  only  in  this  country 
but  abroad.  His  love  of  flowers  was  part  of  his  faith. 

MacNider's  death  in  May,  1951,  brought  mourning  not  only  to 
hosts  of  his  friends  in  Chapel  Hill,  where  he  had  become  a  landmark 
of  integrity  and  helpfulness,  but  also  to  many  others  more  remote. 
The  comment  then  most  frequently  spoken  and  written  was,  "He 
had  a  genius  for  friendship."  The  secret  of  this  was  not  only  his 
warmth  of  heart,  his  love  for  and  interest  in  people,  but  also  in  his 
unique  willingness  to  give  them  expression.  In  his  own  words, 
"When  I  curb  my  heart  I  am  unhappy." 

"The  whole  earth  is  a  sepulchre  of  famous  men;  and  their  story 
is  not  graven  only  on  the  stone  over  their  native  earth,  but  lives  on, 
far  away,  without  visible  symbol,  woven  into  the  stuff  of  other 
mens'  lives." 
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ELMER  DREW  MERRILL 

October  75,  1^76 — February  25,  1956 

BY  WILLIAM   J.  ROBBINS 


ELMER  DREW  MERRILL  was  born  at  East  Auburn,  Maine,  Octo- 
ber 15,  1876,  and  died  in  the  Lemuel  Shattuck  Hospital,  Forest 
Hills,  Massachusetts,  February  25,  1956,  at  the  age  of  seventy-nine. 
Few  American  botanists  had  as  long  and  distinguished  a  career  or 
were  as  well-known  and  widely  honored. 

His  parents  and  immediate  ancestors  were  farmers,  fishermen,  fac- 
tory workers,  and  the  like,  upright  and  industrious  but  with  limited 
means,  culture,  and  outlook.  His  father  was  a  direct  descendant  of 
Nathaniel  Merrill,  the  first  immigrant  of  that  name  who  settled  in 
Ipswich  (Newbury),  Massachusetts  in  1635.  His  grandmother 
White  was  believed  to  have  been  descended  from  Peregrine  White 
of  the  Plymouth  Colony.  His  immediate  ancestry  was  of  English 
(White),  Scottish  (Cummings),  and  French  (Merrill,  Noyes) 
origin. 

Both  sides  of  his  family  evidenced  the  adventurous  and  pioneering 
spirit  which  characterized  Merrill's  career.  His  grandfather  Noyes 
was  a  "forty-niner"  who  left  his  young  children  in  charge  of  his 
wife  and  made  the  long  journey  to  California  via  Panama,  returning 
to  Maine  after  a  short  and  financially  unsuccessful  stay  in  California. 
His  father  ran  away  to  sea  at  the  age  of  fourteen,  shipping  as  a  cabin 
boy  to  the  Orient  via  Cape  Horn. 

East  Auburn,  in  which  Merrill  spent  his  early  years,  is  located 
about  three  miles  from  Auburn,  Maine.  It  included  one  general 
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store,  a  school,  a  meeting  hall,  a  church  (Baptist),  and  about  fifty 
houses.  At  the  outlet  of  Lake  Auburn  there  was  a  sawmill,  a  furni- 
ture factory,  and  a  grist  mill.  The  village  was  made  up  of  farmers 
and  workers  in  the  shoe  factories  of  Auburn.  Few  people  in  it  had 
traveled  farther  than  Boston,  Massachusetts.  The  community  was 
not  particularly  religious;  most  residents  took  their  religious  duties 
lightly;  Merrill's  parents  were  not  churchgoers  and  he  himself 
never  attended  church  or  Sunday  School.  He  was  brought  up,  in  his 
own  words,  more  or  less  as  a  "heathen." 

Merrill  was  one  of  six  children,  having  two  older  brothers,  a  sister, 
a  twin  brother  (Dana  T.),  and  one  brother  who  died  in  infancy. 
His  mother,  Mary  Adelaide  (Noyes)  Merrill  (born  about  1845, 
died  1893)  was  very  active,  energetic,  and  ambitious  for  her  sons. 
His  father,  Daniel  C.  (born  1837,  died  1925)  followed  the  sea  for 
some  fifteen  years  and  then  settled  in  East  Auburn,  where  he  worked 
in  the  shoe  factories,  farmed,  and  made  occasional  fishing  trips  to  the 
Grand  Banks.  His  father  was  impatient  at  times  and  emphatic  in  his 
language,  and  would  remark  when  a  tool  had  disappeared:  "Those 
damned  twins,  they  scatter  things  from  hell  to  breakfast." 

The  twins  assisted  their  grandfather  Noyes  in  the  farming  opera- 
tions of  milking;  haying;  planting  potatoes,  beans,  turnips,  and 
other  vegetable  crops;  hoeing  and  harvesting  them,  and  of  course 
picking  and  removing  rocks  which  they  firmly  believed  grew  like 
potatoes.  Merrill  saw  a  good  deal  of  his  grandfather  Noyes,  tall, 
straight,  with  abundant  black  hair,  heavy  eyebrows,  patriarchal  gray 
beard,  and  shaven  upper  lip,  a  man  of  character  and  of  pronounced 
opinions.  The  farming  experience  was  doubtless  responsible  in  part 
for  Merrill's  later  interest  in  cultivated  plants  and  their  origin. 

Although  Merrill's  older  brothers  and  sister  ended  their  formal 
education  with  grammar  school,  he  and  his  twin  brother  continued 
through  high  school,  influenced  by  their  teacher  in  the  village  school, 
Miss  Margaret  Wilson,  and  by  their  mother.  The  first  year  of  high 
school  was  completed  in  the  village  school  at  East  Auburn  under 
the  supervision  of  Miss  Wilson  in  a  class  of  five  or  six  pupils,  but 
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the  last  three  years  were  taken  in  the  Auburn  High  School  three 
miles  from  the  Merrill  home.  Each  school  day  Merrill  walked  to 
school  and  back,  never  missing  a  day  or  arriving  late,  even  though 
the  trip  was  made  on  occasion  on  snowshoes  and  he  might  find  the 
school  dismissed  because  of  inclement  weather.  This  school  experi- 
ence Merrill  believed  established  in  him  the  quality  of  persistence 
to  which  he  assigned  most  of  the  success  which  came  to  him  in  later 
years.  The  scholastic  requirements  of  the  high  school  were  not  high; 
Merrill  had  almost  no  home  studying  to  do  and  had  elected  the 
so-called  English  course  with  no  Latin  nor  Greek,  a  decision  which 
he  was  to  regret  keenly  in  later  life. 

In  addition  to  helping  with  the  farm  work  and  going  to  school, 
Merrill  early  developed  an  interest  in  natural  history  and  in  collect- 
ing. He  built  up  a  respectable  collection  of  birds'  eggs,  collected  rocks 
and  minerals,  Indian  relics,  local  woods,  and  shelf  fungi,  which  he 
assembled  years  before  he  realized  they  were  plant  forms.  Even 
before  he  reached  high  school  he  had  become  interested  in  collecting 
and  naming  plants,  though  he  had  no  manual  of  the  local  flora  and 
depended  on  the  common  names  in  the  few  publications  available. 

Merrill  had  no  intention  of  continuing  his  education  beyond  high 
school,  but  gradually  the  idea  of  college  grew  because  a  number  of 
his  friends  planned  a  college  career  and  because  of  the  influence  of 
his  mother,  who  had  left  a  small  legacy  specifically  for  Merrill's 
college  education.  With  no  preparation  in  Latin  or  Greek,  the  classi- 
cal colleges  of  New  England  were  closed  to  him  and,  therefore,  he 
and  his  twin  brother  decided  to  study  engineering  and  in  the  fall 
of  1894  entered  the  Maine  State  College  at  Orono,  a  land  grant 
institution  which  three  years  later  became  the  University  of  Maine. 
Maine  State  College  was  a  small  institution  with  about  two  hundred 
students,  most  of  whom  were  taking  engineering,  but  the  freshman 
class  in  which  Merrill  enrolled  was  relatively  large,  about  ninety,  of 
whom  about  half  eventually  completed  the  four  years. 

Before  the  end  of  Merrill's  first  year  in  college,  however,  he  de- 
cided that  engineering  required  too  much  mathematics  and  at  the 
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beginning  of  the  second  year  he  transferred  to  the  general  science 
course.  Merrill  says  of  his  college  experience  that  he  made  no  strik- 
ing record;  he  was  not  an  athlete,  not  a  leader  because  he  was  by 
nature  diffident  and  lacked  confidence  in  himself,  not  a  hard  student, 
and  was  restricted  in  his  activities  because  of  limited  funds.  In  addi- 
tion to  the  small  legacy  from  his  mother,  Merrill  borrowed  money 
and  spent  his  vacations  earning  more  in  the  state  fish  hatchery. 

His  early  interest  in  natural  history  and  collecting  continued  in 
college.  He  devoted  a  good  deal  of  attention  to  biology,  especially 
the  classification  of  flowering  plants,  stimulated  by  Professor  F.  L. 
Harvey,  who  taught  botany,  zoology,  entomology,  and  geology  and 
inspired  Merrill  to  field  work  and  research,  especially  in  the  lower 
groups  of  plants.  In  fact,  the  only  formal  course  in  botany  taken  by 
Merrill  was  in  the  cryptogams.  During  his  college  career  he  collected 
on  Mount  Washington  and  Mount  Katahdin,  and  by  the  time  he 
left  Maine  he  had  accumulated  a  private  herbarium  of  more  than 
2,000  specimens  in  all  groups,  which  he  later  gave  to  the  New  Eng- 
land Botanical  Club. 

Merrill  was  graduated  as  valedictorian  of  his  class  with  a  Bachelor 
of  Science  degree  in  1898  and  returned  the  following  September  as 
Assistant  in  Natural  Science  at  a  salary  of  $250.00  for  nine  months. 
No  formal  graduate  work  was  offered  at  the  University  of  Maine, 
so  Merrill  took  courses  to  round  out  his  undergraduate  program  and 
followed  his  own  bent  in  the  pursuit  of  systematic  botany,  but  with 
little  or  no  supervision. 

In  the  spring  of  1899,  Merrill  took  a  United  States  Civil  Service 
examination  for  a  position  as  Assistant  Agrostologist  in  the  United 
States  Department  of  Agriculture.  However,  to  be  certain  of  some 
employment  he  accepted  a  fellowship  (board,  room,  and  laundry) 
in  plant  pathology  at  the  Experiment  Station  at  Geneva,  New  York. 
On  reporting  there  for  duty  in  July  he  found  a  letter  appointing  him 
as  Assistant  Agrostologist  with  the  Department  of  Agriculture  at  an 
annual  salary  of  $1,200  and,  against  the  advice  of  Dr.  W.  H.  Jordan, 
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Director  of  the  Geneva  Station,,  accepted  the  appointment  and  re- 
ported in  Washington,  D.  C.,  for  duty  on  July  7,  1899. 

In  Washington,  Merrill  served  as  an  assistant  to  F.  Lamson- 
Scribner,  then  the  leading  authority  in  America  on  the  classifica- 
tion of  grasses.  There,  during  two  and  a  half  years  he  gained  a 
knowledge  of  herbarium  methods,  of  literature  on  the  classification 
of  the  grasses,  of  methodology  in  dealing  with  material  and  descrip- 
tions, of  problems  of  nomenclature,  and  of  the  principles  of  taxon- 
omy, and  a  wide  acquaintance  with  the  grasses  of  North  America. 
In  a  sense  this  period  was  a  graduate  course  in  which  Merrill  was 
largely  his  own  teacher,  utilizing  the  resources  of  an  active  and 
extensive  herbarium.  Field  experience  in  Wyoming,  Idaho,  and 
Montana  supplemented  his  training  in  Washington. 

In  spite  of  his  interest  in  systematic  botany,  Merrill  had  not  yet 
settled  on  his  eventual  career,  and  enrolled  in  the  evening  classes  of 
the  Medical  School  of  George  Washington  University,  where  he 
completed  three  semesters  of  work.  It  is  possible  that  he  might  have 
continued  his  medical  training  and  become  a  physician,  but  in  1901 
the  Philippine  Commission  authorized  the  establishment  of  the 
Insular  Bureau  of  Agriculture  in  Manila,  and  Merrill  was  offered 
and  accepted  the  post  of  Botanist  at  an  annual  salary  of  $2,000.  He 
arrived  in  Manila  in  April,  1902,  where  he  remained  for  nearly 
twenty-two  years,  and  there  the  course  of  his  life  work  was  firmly 
fixed. 

The  situation  Merrill  found  in  Manila  was  most  discouraging. 
He  began  work  in  a  vacant  building  without  even  a  chair  or  table, 
not  to  speak  of  botanical  publications  or  specimens.  The  botanical 
collections  assembled  by  Vidal  from  1876  to  1888  had  been  destroyed 
by  fire  in  1897,  together  with  the  entire  botanical  library;  the  collec- 
tion of  botanical  literature  at  the  Jardin  Botanico  had  disappeared 
during  the  American  occupation  of  Manila,  and  the  duplicate  set  of 
Vidal's  herbarium  in  the  Museo  Biblioteca  had  also  disappeared; 
the  botanical  material  assembled  by  Fernandez-Villar  for  the  third 
edition  of  Blanco's  Flora  de  Filipinas  had  been  destroyed  when  the 
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building  in  which  it  was  stored  was  burned  by  American  troops  in 
1899.  Some  botanical  literature  had  been  acquired  and  some  plants 
(usually  unnamed)  collected  by  the  Bureau  of  Forestry.  Truly,  to 
say  the  least,  a  most  discouraging  outlook.  But  when  Merrill  left  the 
Philippines  in  1923,  the  herbarium  contained  275,000  mounted 
sheets,  two  thirds  Philippine  and  one  third  external,  chiefly  Ma- 
laysian, and  the  library  had  become  botanically  unsurpassed  in  the 
East.  These  accumulations  were  burned  by  the  Japanese  Army  one 
day  before  the  liberation  of  Manila  in  1946.  The  liberal  policy 
Merrill  had  followed  in  the  distribution  of  duplicate  specimens  en- 
abled him,  then  at  Harvard,  to  locate  material  in  American  and 
European  herbaria  and  to  aid  Dr.  Eduardo  Quisumbing,  an  out- 
standing Philippine  botanist  trained  by  Merrill,  to  begin  rebuilding. 

Merrill  found  that  he  was  expected  to  devote  his  attention  to 
"practical"  work,  but  decided  to  build  a  reference  collection  of  bo- 
tanical specimens  and  acquire  the  necessary  literature.  He  began  by 
collecting  specimens  of  all  the  weeds  in  the  back  yard  of  the  office 
building. 

A  few  months  after  Merrill's  arrival  in  the  Philippines,  he  was 
made  Botanist  of  the  Bureau  of  Forestry  in  addition  to  his  position 
with  the  Bureau  of  Agriculture  and  divided  his  time  between 
forestry  and  agriculture.  Various  reorganizations  of  the  scientific 
work  in  the  Philippines  resulted  in  his  appointment  in  1903  as 
Botanist,  Bureau  of  Government  Laboratories;  in  1906  as  Botanist, 
Bureau  of  Science;  in  1919  as  Acting  Director,  Bureau  of  Science, 
and  a  few  months  later  as  Director,  Bureau  of  Science.  Merrill  also 
served  from  1912  to  1918  as  Associate  Professor,  later  Professor  of 
Botany,  University  of  the  Philippines,  on  a  "half  time"  basis  and 
taught  from  eighteen  to  thirty-six  hours  a  week  during  the  academic 
year.  Soon  after  his  arrival  in  the  Philippines,  Merrill  decided  to 
prepare  a  Flora  of  the  Philippines,  a  project  on  which  he  embarked 
with  enthusiasm  and  determination.  The  extent  of  this  ambitious 
project  may  be  realized  when  the  flora  of  the  Philippines  is  com- 
pared with  other  regions.  He  estimated  the  Philippines  to  contain 
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in  excess  of  10,000  species,  while  Great  Britain  and  Ireland  have  less 
than  2,500,  New  Zealand  less  than  2,000,  and  the  northeastern 
United  States  about  4,500.  The  vast  amount  of  effort  necessary  to 
assemble  and  digest  the  literature  and  reference  material,  to  master 
the  problems  of  nomenclature  in  the  major  groups,  to  collect  the 
plants,  to  determine  their  geographical  distribution,  their  relation- 
ships and  interrelationships,  and  to  prepare  descriptions  and  critical 
notes  on  thousands  of  new  species  is  appalling.  In  addition,  after 
the  first  ten  years,  much  of  his  time  and  energy  was  absorbed  by 
his  teaching  and  by  his  administrative  responsibilities,  especially  as 
Director  of  the  Bureau  of  Science. 

Most  of  the  scientific  and  control  work  for  the  Philippines  was 
centered  in  the  Bureau  of  Science,  including  medical  research,  public 
health  laboratory  work,  manufacture  of  vaccines,  organic  and  inor- 
ganic chemistry,  standardization  of  weights  and  measures,  testing 
of  structural  materials,  geology  and  mining,  fisheries,  zoology,  orni- 
thology, entomology,  botany,  plant  pathology  and  physiology,  and 
anthropology.  A  reporter  who  interviewed  Merrill  in  1940  expressed 
the  activities  of  the  Bureau  of  Science  thus:  "The  Director  of  the 
Bureau  of  Science  docs  everything  from  telling  the  public  what  to 
do  for  a  dog  bite  to  where  to  drill  for  oil." 

Merrill  increased  his  staff,  trained  native  collectors,  gladly  ac- 
cepted the  material  collected  by  the  forestry  service,  arranged  con- 
tacts abroad,  exchanged  material,  accumulated  the  essential  litera- 
ture, interested  authorities  elsewhere  in  the  identification  of  special 
groups  of  plants,  and  spent  considerable  time  in  the  field.  But  in 
time  he  realized  that  the  preparation  of  a  descriptive  flora  was  be- 
yond his  means  and  converted  the  proposed  flora  into  an  enumera- 
tion of  Philippine  flowering  plants,  which  was  issued  between  1922 
and  1926  and  consisted  of  2,136  pages  in  four  volumes.  The  labor 
involved  in  this,  though  considerably  less  than  that  which  would 
have  been  required  for  the  flora,  may  be  judged  from  the  following 
figures:  8,120  species  were  admitted,  about  11,200  synonyms  were 
reduced,  and  13,600  vernacular  names  recorded.  The  review  assessed 
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the  specific  endemism  of  the  Philippine  archipelago,  discussed 
linkages  with  other  floras,  and  made  a  valuable  contribution  to 
biogeography. 

Merrill  also  came  to  realize  that  extra-Philippine  material  was 
necessary  for  good  work  on  the  Philippine  flora.  While  numerous 
exchanges  were  arranged  it  became  evident  that  the  material  most 
desired  could  not  be  secured  from  those  sources  alone.  He  therefore 
gradually  developed  extra-Philippine  exploration,  and  between  1910 
and  1920  important  collections  were  made  by  the  staff  in  Indo-China, 
China,  Guam,  Borneo,  and  Amboina. 

The  desire  for  extra-Philippine  material  came  partly  because  of 
the  urgent  need  for  comparative  material  from  adjacent  regions  and 
also  because  some  species  described  earlier  by  Blanco,  Rumphius, 
and  others  could  not  accurately  be  interpreted  in  the  absence  of 
material  from  the  historical  localities  in  which  the  collections  had 
been  made.  Merrill  decided  that  Blanco's  numerous  and  inade- 
quately described  species  could  be  more  accurately  interpreted  from 
general  collections  made  in  the  regions  familiar  to  Blanco,  from 
which  he  had  secured  the  actual  specimens  on  which  his  descrip- 
tions were  based;  there  were  no  specimens  extant  representing  the 
numerous  species  he  had  described  and  the  published  descriptions 
were  inadequate,  A  similar  problem  existed  for  Rumphius'  Herbar- 
ium Amboinense.  With  the  aid  of  C.  B.  Robinson,  who  collected 
extensively  over  Blanco's  area,  Merrill  made  close  acquaintance  with 
the  flora  of  Amboina.  He  obtained  from  the  Dutch  material  which 
connected  his  knowledge  with  that  of  the  younger  Burman,  and  for 
Loureiro  he  obtained  collections  from  Hue  in  Annam  and  visited 
Canton  himself. 

This  method  of  identifying  previously  described  plant  species  by 
a  study  of  the  plant  populations  from  which  they  had  been  drawn 
when  the  method  of  using  types  could  not  be  applied  is  a  landmark 
in  botanical  history  for,  though  others  had  thought  of  the  procedure, 
as  is  pointed  out  by  Burkill,  none  had  been  able  to  consummate  it. 

In  addition  to  the  enumeration  and  critical  studies  of  the  species 
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of  Blanco  and  Rumphius,  Merrill  prepared  a  flora  of  Manila  of 
490  pages,  a  systematic  enumeration  of  the  plants  of  Guam,  and  be- 
came involved  in  the  identification  of  Bornean  plants,  literature  for 
which  was  widely  scattered.  He  therefore  commenced  the  prepara- 
tion of  a  card  catalogue  of  all  references  to  the  Bornean  flora  by 
species,  which  eventually  resulted  in  the  publication  of  a  bibliog- 
raphy of  Bornean  botany  containing  479  titles  and  later  a  Biblio- 
graphic Enumeration  of  Bornean  Plants,  a  volume  of  637  pages. 

Merrill  also  became  interested  in  the  flora  of  southeastern  China, 
making  two  trips  to  Canton  and  one  to  Nanking,  each  of  one 
month's  duration.  Considerable  collecting  was  accomplished,  a 
knowledge  of  field  conditions  in  eastern  and  southern  China  was 
gained,  and  botanical  research  in  Chinese  institutions  was  stimulated. 

Merrill's  administrative  position  as  Director  of  the  Bureau  of 
Science  brought  him  into  contact  with  scientists  in  fields  other  than 
botanical  taxonomy.  In  preparing  in  1903  a  Dictionary  of  Philippine 
Plant  Names  as  an  aid  to  foresters,  he  noted  that  American  plant 
names  had  been  brought  to  the  Philippines  with  American  plants 
and  that  other  names  had  come  from  India  and  China.  His  travels 
broadened  his  outlook  and  presented  problems  on  plant  distribution. 
These  influences  and  others  expanded  the  region  of  his  interest  from 
the  Philippines  to  the  entire  Pacific  area  and  even  beyond  and  from 
plant  taxonomy  to  geology,  hydrography  and  climatology,  to  those 
phases  of  ethno-botany  which  concerned  the  origin  of  cultivated 
plants  in  relation  to  specific  civilizations,  to  certain  phases  of  com- 
parative philology  especially  Sanskritic,  Chinese  and  Aztec  plant 
names  actually  used  in  the  Philippines  and  even  to  leprosy  and  its 
transmission.  He  became  convinced  that  pre-Columbian  agriculture 
in  America  was  based  wholly  on  native  American  plants  and  ani- 
mals and  effectively  challenged  the  extreme  diffusionists,  those  who 
assumed  a  single  center  as  the  source  of  civilization.  Interest  in  the 
origin  of  cultivated  plants  and  their  distribution  and  in  the  historical 
aspects  of  botany  continued  throughout  his  career. 
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In  1923  Merrill  was  offered  the  deanship  of  the  College  of  Agri- 
culture of  the  University  of  California.  In  spite  of  the  attractions  that 
the  Philippines  held  for  him  as  a  field  of  work,  he  was  on  an  annual 
appointment  and  had  the  uneasy  feeling  that  there  was  no  future, 
even  as  there  was  no  assured  tenure  nor  provision  for  a  retirement 
pension.  He  also  had  his  family  to  consider. 

In  May,  1907,  Merrill  had  married,  in  Manila,  Mary  Augusta 
Sperry  of  Illinois  and  the  newly  married  couple  immediately  sailed 
for  the  United  States  by  way  of  China  and  Japan.  A  few  months 
were  spent  in  Washington,  D.  C,,  and  a  short  trip  made  to  New 
England.  On  the  way  back  to  Manila,  about  two  months  were  spent 
at  Kew  and  at  the  British  Museum,  followed  by  visits  to  Leiden,  Ber- 
lin, Geneva,  and  Florence;  at  each  of  these  places  types  of  Philippine 
species  were  examined.  By  April,  1908,  Merrill  and  his  wife  were 
back  in  Manila.  A  daughter,  Lynne,  was  born  in  Manila  on  Febru- 
ary 12,  1909,  followed  by  a  son,  Dudley  Sperry,  born  on  Septem- 
ber 21,  1912,  and  a  second  son,  Wilmans  Noyes,  born  December  21, 
1914,  who  died  at  the  age  of  less  than  two  months.  This  tragedy  and 
other  considerations  induced  the  Merrills  to  conclude  that  Manila 
was  not  the  proper  place  to  raise  a  family,  and  in  1915  when  Merrill 
took  a  short  leave  in  Washington,  D.  C.,  he  left  his  wife  and  family 
there  when  he  returned  to  Manila.  He  was  not  to  be  with  his  family 
again  for  the  next  eight  years,  except  for  a  period  of  accrued  leave 
in  1920-21.  In  fact,  Merrill  did  not  see  his  daughter,  Ann,  born  in 
Washington,  D.  C.,  August  8,  1916,  until  she  was  five  years  old.  If 
he  had  had  no  family  responsibilities  he  would  probably  have  re- 
mained in  the  Philippines,  where  considerable  pressure  to  retain  his 
services  was  brought  to  bear  and  where  his  heart  lay  with  the  plants 
of  that  archipelago.  However,  he  accepted  the  appointment  at  Cali- 
fornia and  assumed  his  new  duties  in  the  early  part  of  1924. 

Leonard  Wood,  Governor-General  of  the  Philippine  Islands,  wrote 
Merrill  on  his  departure  for  California  as  follows: 

"Upon  your  resignation  as  Director  of  the  Bureau  of  Science  and 
your  withdrawal  from  the  public  service  of  the  Philippine  Govern- 
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ment,  I  wish  to  commend  you  in  the  strongest  terms  and  thank  you 
for  the  work  which  you  have  done  for  the  Islands  during  the  long 
period  of  service  here. 

"When  I  was  here  as  military  commander  of  the  Philippines  Divi- 
sion from  1905  to  1908  you  were  keen  to  participate,  and  did  partici- 
pate., in  various  difficult  reconnoitering  expeditions,  involving  much 
hard  work  and  exposure;  notably  the  ascent  of  some  of  our  highest 
and  most  difficult  mountains — a  work  in  which  you  were  associated 
with  the  late  Major  Mearns  of  the  Medical  Corps  of  the  Army. 

"You  have  done  first  class  work  in  everything  you  have  attempted 
and  have  gained  the  confidence,  respect  and  support  of  those  with 
whom  you  have  come  in  contact.  You  have  done  much  to  build  up 
the  insular  service  and  have  added  a  vast  amount  of  valuable  infor- 
mation to  our  knowledge  of  the  flora  and  fauna  of  the  Islands. 

"Your  conduct  of  the  Bureau  of  Science  served  as  an  inspiration 
to  all  who  worked  under  you  and  did  much  to  re-establish  this  insti- 
tution in  public  confidence. 

"Your  resignation  results  in  a  great  loss  to  the  Philippine  public 
service — one  which  will  be  keenly  felt  and  creates  a  vacancy  which 
will  be  extremely  difficult  to  fill.  You  will  be  missed  both  officially 
and  personally.  I  feel  that  the  University  of  California  is  to  be  con- 
gratulated on  securing  your  services. 

"With  every  best  wish." 

(Signed]  Leonard  Wood 
Governor-General 

Many  problems  faced  Merrill  as  Dean  of  the  College  of  Agricul- 
ture. There  were  internal  and  external  dissensions  arising  in  part 
from  rapid  growth  of  the  College  and  in  part  from  a  tendency  to 
consider  that  it  was  not  an  integral  part  of  the  University.  The 
faculty  included  approximately  350  individuals,  and  the  annual 
budget  was  $1,800,000.  Merrill  felt  that  he  lacked  experience  with 
academic  or  research  problems  in  agriculture,  and  that  he  knew 
little  of  the  special  problems  of  the  College  of  Agriculture,  and 
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still  less  of  those  peculiar  to  California.  Within  less  than  a  year  he 
was  made  Director  of  the  Agricultural  Experiment  Station  in  addi- 
tion to  his  duties  as  Dean  of  the  College  of  Agriculture. 

Merrill  stressed  that  the  College  of  Agriculture  was  and  should 
continue  to  be  an  integral  part  of  the  University  and  that  the  stand- 
ards of  both  instruction  and  research  should  be  raised.  All  junior 
members  of  the  staff  were  urged  and  encouraged  to  undertake 
graduate  work  for  advanced  degrees.  Gradually  certain  divisions 
were  eliminated  and  the  work  combined  with  other  existing  ones, 
or  new,  more  comprehensive  units  were  established.  Outlying  units 
such  as  the  University  Farm  at  Davis  and  the  Citrus  Experiment 
Station  at  Riverside  were  made  as  autonomous  as  possible.  Promo- 
tions, were  made  strictly  on  merit,  new  appointments  were  predi- 
cated on  fundamental  training,  with  the  Ph.  D.  or  its  equivalent  as 
a  basic  requirement  in  most  fields.  In  research  the  fundamental 
aspects  were  stressed  and  long-term  projects  were  favored,  and  the 
entire  curriculum  of  the  College  of  Agriculture  was  revised  with  the 
aim  of  a  university  education  on  an  agricultural  basis  as  opposed  to 
vocational  instruction  in  agriculture. 

During  the  six  years  that  Merrill  served  as  Dean  of  Agriculture  at 
the  University  of  California,  he  devoted  all  his  spare  time  to  work 
on  systematic  botany  and  to  building  up  the  oriental  research  her- 
barium of  the  University.  This  work  in  systematic  botany  was 
Merrill's  safety  valve  for,  once  in  the  herbarium,  early  in  the  morn- 
ing, at  noon,  after  office  hours,  or  on  Sundays  and  holidays,  he 
immediately  forgot  his  administrative  problems.  He  added  some 
110,000  sheets  to  the  University  herbarium,  prepared  and  published 
a  volume  of  316  pages  on  the  flora  of  Borneo,  and  wrote  numerous 
short  papers  on  the  plants  of  China,  Borneo,  and  the  Philippines. 

In  1926  a  movement  was  initiated  to  establish  a  botanical  garden 
in  Los  Angeles  and  Merrill  was  asked  to  become  a  member  of  the 
Garden  Foundation.  The  plan  involved  the  purchase,  at  a  nominal 
valuation,  of  a  large  tract  of  some  4,500  acres  in  Mandeville  Canyon, 
Sierra  Madre  Mountains,  which  was  to  be  financed  by  a  bond  issue. 
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About  800  acres  in  the  center  of  the  tract  were  to  be  retained  for 
development  as  a  botanical  garden,  which  was  to  be  financed  from 
the  sale  of  surrounding  acreage  for  residential  purposes.  The  possi- 
bility of  the  establishment  and  endowment  of  a  large  botanical 
garden  under  most  advantageous  climatic  conditions  greatly  in- 
trigued Merrill,  and  he  accepted  the  directorship  of  this  embryonic 
institution  on  the  basis  of  a  part-time  leave  from  the  University  of 
California.  It  soon  became  evident  that  the  Los  Angeles  project 
probably  could  not  be  consummated  on  the  basis  of  the  original 
plans,  but  Merrill  continued  his  connection  with  it  until  he  left 
California  at  the  close  of  1929. 

In  September,  1929,  Merrill  accepted  an  appointment  as  Director 
of  The  New  York  Botanical  Garden  and  Professor  of  Botany  at 
Columbia  University.  He  felt  that  most  of  the  specific  objectives  at 
California  had  been  accomplished.  The  perplexing  problems  of  the 
institution  had  been  settled  to  a  substantial  degree;  the  staff  had 
been  increased;  material  equipment  had  been  greatly  enlarged;  the 
annual  budget  had  been  augmented.  New  buildings  had  been  pro- 
vided and  policies  established  which  met  with  the  general  support 
of  the  industry  and  of  the  institution.  However,  Merrill  considered 
that  if  his  fate  was  to  continue  in  administrative  work  he  would 
prefer  to  do  such  work  in  the  botanical  field  and  he  believed  that 
in  New  York  he  would  have  more  time  available  for  botanical  work. 
He  felt  also  that  there  was  an  opportunity  to  make  The  New  York 
Botanical  Garden  a  still  greater  institution  than  it  had  been.  He 
therefore  left  California  with  the  pleasant  feeling  that  his  departure 
was  regretted  by  the  administration  of  the  University,  by  the  agri- 
cultural public  and  its  leaders,  by  the  staff  of  the  University  as  a 
whole,  and  by  his  immediate  colleagues  in  the  College  of  Agricul- 
ture. Dr.  C.  B.  Lipman,  Dean  of  the  Graduate  Division  of  the  Uni- 
versity of  California,  wrote: 

"The  resignation  of  Dr.  E.  D.  Merrill  from  the  position  of  Dean 
of  the  College  of  Agriculture  and  Director  of  the  Agricultural  Ex- 
periment Station  at  the  University  of  California,  is  an  occasion  for 
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the  deepest  regret  to  all  those  who  have  the  interests  at  heart  of  the 
University  in  general  and  of  the  College  of  Agriculture  in  particular. 
It  is  given  to  few  men  to  carry  the  burdens  of  an  important  office 
with  numerous  and  complicated  problems  over  a  period  of  years,  to 
close  their  labors  in  such  an  office  on  terms  of  friendship  with  all  with 
whom  they  come  in  contact  and  with  themselves.  Such,  however,  is 
strictly  true  in  the  case  of  Dean  Merrill.  In  the  period  of  about  six 
years  during  which  he  has  held  this  very  important  position  in  the 
University  of  California.,  Dean  Merrill  has  exhibited  in  high  degree 
a  combination  of  qualities  which  are  rarely  found  in  one  individual. 
His  quickness  of  perception,  his  unfailing  patience  and  courtesy,  his 
great  store  of  common  sense,  his  promptness  in  taking  action,  his 
approachableness,  and  consideration  of  others  have  won  for  him  the 
admiration  and  high  esteem  of  his  colleagues  in  the  administration 
of  the  University  and  of  those  on  the  faculty.  His  enviable  record  as 
a  scientist  and  administrator  are  too  well  known  to  need  repetition 
here,  but  four  stages  of  his  career  may  be  mentioned  as  contributing 
to  those  fine  qualities  of  leadership  to  which  I  have  referred  above. 

"The  first  of  these  stages  concerns  his  early  life  culminating  in  his 
graduation  at  the  University  of  Maine  where  he  attained  to  the  ster- 
ling characteristics  which  characterize  the  natives  of  that  rugged 
state;  namely,  self -reliance,  honesty,  providence,  directness  of  man- 
ner, and  industry.  The  second  stage  of  his  career  covers  a  period  of 
some  eighteen  years  as  a  systematic  botanist  in  the  Philippines  and 
neighboring  lands.  There  he  learned  the  value  of  intensive  applica- 
tion and  concentration  upon  the  task  to  which  he  had  set  himself 
of  gaining  knowledge  on  tropical  flora,  culminating  in  a  grasp  of 
that  subject  which  makes  him  a  master  and  authority  in  that  field 
of  systematic  botany  and  most  highly  regarded  American  botanist 
in  the  systematic  field.  In  the  third  stage  of  his  career,  to  the  extent 
of  four  or  five  years,  he  was  concerned  in  addition  to  botanical  study 
with  directorship  of  the  Bureau  of  Science  in  Manila.  Here  his  in- 
herent qualities  for  successful  administration  became  manifest. 
There,  as  at  the  University  of  California,  he  succeeded  in  solving 


ELMER    DREW    MERRILL  287 

problems  without  friction  and  in  earning  the  devoted  friendship  of 
his  colleagues  and  other  co-workers.  The  fourth  stage  of  his  career 
to  the  present  has  been  as  Dean  and  Director  of  the  College  of  Agri- 
culture at  the  University  of  California,  where  he  has  been  instru- 
mental in  establishing  one  of  the  best  sets  of  curricula  for  a  college 
of  agriculture  which  are  available  in  the  United  States,  and  where 
he  has  encouraged  and  stimulated  in  a  sympathetic  and  most  effec- 
tive manner  the  prosecution  of  research  on  fundamental  problems 
which  underlie  the  science  of  agriculture. 

"It  is  fitting  that  as  he  takes  leave  of  us  to  take  up  the  exalted  posi- 
tion of  Director  of  the  New  York  Botanical  Garden,  we  of  the 
University  of  California  record,  not  only  our  deep  regret  at  losing 
him,  but  also  our  profound  appreciation  of  his  remarkable  contribu- 
tion to  the  success  and  effectiveness  of  the  program  of  the  College  of 
Agriculture,  of  the  scientific  activity  of  the  University  in  general, 
of  our  gratitude  for  the  friendship  and  sympathy  which  he  has 
shown  to  his  colleagues  unfailingly  and  of  the  high  regard  which 
we  all  entertain  for  him  as  a  scholar,  a  scientist  and,  above  all,  a 
lovable  human  being.  Dean  Merrill  carries  with  him  to  his  new 
position  in  New  York  our  hearty  good  wishes  for  his  success  during 
the  long  life  which  we  all  hope  still  stretches  out  before  him.  We 
wish  him  Godspeed," 

Merrill  accepted  the  appointment  as  Director  of  The  New  York 
Botanical  Garden  just  before  the  1929  depression,  with  promises  of 
extensive  support  and  with  the  anticipation  of  amplifying  the  work 
of  the  institution.  He  reported  after  the  depression  and  found  him- 
self in  an  institution  inadequately  financed  with  obsolete  and  worn- 
out  equipment  and  with  a  heavy  overdraft  on  capital  funds  used  for 
operating  expenses.  From  a  peak  income  of  $445,000  in  1931  the 
income  was  reduced  to  $340,000  by  1934.  Drastic  economies,  accom- 
plished by  a  general  reduction  in  salaries,  elimination  of  positions, 
and  reduction  of  expenses  were  necessary.  However,  beginning  in 
November,  1930,  assistance  of  various  types  from  city,  state,  and 
federal  relief  agencies  made  it  possible  to  initiate  extensive  outside 
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projects  covering  the  general  rehabilitation  o£  buildings,  grounds, 
and  plantings,  and  to  accomplish  a  substantial  improvement  in  the 
library  and  herbarium.  Mounting  was  speeded  up  from  approxi- 
mately 10,000  sheets  per  year  to  as  high  as  80,000  sheets,  all  reserve 
collections  from  various  parts  of  the  world  were  sorted,  poisoned, 
mounted,  and  distributed.  The  entire  herbarium  was  rearranged. 
The  most  significant  accomplishment  was  the  policy  of  incorporat- 
ing clipped  or  typed  original  descriptions  and  critical  notes  into  the 
herbarium.  Approximately  300,000  of  these  items  were  added,  thus 
incorporating  library  data  into  the  herbarium.  Time  not  required 
for  administrative  duties  and  meeting  obligations  to  various  bo- 
tanical organizations  was  devoted  to  accumulating  and  studying 
collections  of  plants  from  various  parts  of  China,  Formosa,  India, 
Siberia,  Malaysia,  the  Philippines,  Micronesia,  and  Polynesia,  and  to 
the  preparation  of  numerous  papers  based  on  these  collections.  The 
largest  and  most  comprehensive  of  these  was  that  on  Louriero,  a 
450-page  quarto  volume. 

When  he  came  to  New  York  in  1930,  Merrill  had  felt  that  the 
move  to  The  New  York  Botanical  Garden  was  his  last  and  that  he 
was  in  a  position  where  his  absorption  with  systematic  botany  could 
be  pursued.  However,  in  1935  he  was  offered  and  accepted  an  ap- 
pointment as  Professor  of  Botany  and  Administrator  of  Botanical 
Collections  at  Harvard  University,  a  new  position  created  for  the 
supervision  of  the  eight  separately  endowed  Harvard  botanical 
units— the  Bussey  Institution,  the  Gray  Herbarium,  the  Farlow  Her- 
barium and  Library,  the  Botanical  Garden,  the  Botanical  Museum, 
the  Arnold  Arboretum  (including  the  Atkins  Institution  in  Cuba), 
and  the  Harvard  Forest  at  Petersham.  A  ninth  unit  was  added  in 
1937  with  the  organization  of  the  Maria  Moors  Cabot  Foundation 
for  Botanical  Research. 

He  accepted  this  appointment  with  the  realization  that  he  would 
have  to  give  up  the  marvelous  tool  for  work  on  oriental  botany 
which  he  had  built  in  New  York,  change  his  personal  plans  for  bo- 
tanical research,  start  his  career  a  fifth  time  under  new  and  unknown 
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surroundings,  and  for  a  fourth  time  undertake  a  most  complex  ad- 
ministrative problem  involving  organization  and  correlation. 

On  his  departure  from  The  New  York  Botanical  Garden,  the 
Board  of  Managers  passed  the  following  resolution: 

"WHEREAS,  Dr.  Elmer  Drew  Merrill,  Director  of  The  New  York 
Botanical  Garden  since  January  i,  1930,  has  tendered  to  the  Board 
of  Managers  of  the  Garden  his  resignation  of  this  post,  effective  on 
October  i,  1935,  in  order  to  accept  appointment  as  Professor  of 
Botany  and  Administrator  of  Botanical  Collections  at  Harvard  Uni- 
versity, therefore, 

"BE  IT  RESOLVED,  by  the  Managers  of  The  New  York  Botanical 
Garden,  that  they  are  highly  appreciative  of  the  very  efficient  services 
that  Dr.  Merrill  has  rendered  to  the  Garden  during  his  tenure 
of  office  of  somewhat  more  than  five  and  a  half  years;  that  they  have 
noted,  in  particular,  the  promptness  and  foresight  with  which  he 
has  secured  for  the  Garden  assignment  of  workers  and  appropria- 
tions of  funds  by  various  emergency  relief  and  employment  bureaus 
for  general  assistance  and  for  much  needed  repairs  and  improve- 
ments; that  they  have  observed  with  gratification  the  development 
of  horticultural  features  which  have  made  the  Garden  increasingly 
attractive  to  the  general  public;  that  they  have  noted,  with  wonder 
and  admiration,  Dr.  Merrill's  ability,  in  spite  of  exacting  executive 
duties,  to  continue  his  systematic  studies  of  Oriental  plants,  studies 
which  have  made  him  the  outstanding  leader  in  this  field ;  that  they 
have  observed  with  satisfaction  the  honors  that  have  been  bestowed 
upon  him  by  American,  foreign  and  international  scientific  or- 
ganizations. While  the  Managers  greatly  regret  his  going,  they  ex- 
tend to  Doctor  Merrill  their  very  best  wishes  for  happiness  in  his 
new  field  and  for  a  most  successful  continuation  of  his  distinguished 
career.'* 

A  year  after  his  arrival  at  Harvard,  Merrill  became  also  the  Arnold 
Professor  of  Botany,  and  in  1937  Director  of  the  Arnold  Arboretum. 

The  purpose  of  the  appointment  of  an  Administrator  of  Botanical 
Collections  was  to  draw  together  the  semi-autonomous  botanical 
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institutions  at  Harvard,  eliminate  duplication,  and  enhance  their 
efficiency.  For  several  reasons,  mainly  the  Second  World  War  and 
resulting  uncertainties,  the  attainment  of  this  objective  went  slowly. 

In  the  meantime  Merrill  devoted  the  major  part  of  his  time  to 
increasing  the  herbarium  of  the  Arnold  Arboretum  and  to  research 
on  Asiatic  plants.  Specimens  in  unprecedented  quantities  arrived 
from  China,  India,  Indo-China,  Burma,  Siam,  the  Malay  Peninsula, 
the  Philippines,  Java,  Borneo,  Australia,  New  Guinea,  and  other 
parts  of  the  Far  East,  as  well  as  from  Mexico,  Central  America,  the 
Antilles,  and  Africa.  In  a  decade  the  herbarium  was  increased  by 
220,000  specimens. 

Merrill  continued  to  publish  profusely,  and  in  addition  edited 
several  facsimile  editions  of  early  botanical  classics.  His  early  interest 
in  economic  and  historical  botany  was  reawakened,  and  he  wrote  a 
number  of  articles  dealing  with  the  diffusion  of  domesticated  and 
cultivated  plants.  He  was  also  active  during  the  war  as  a  consultant 
on  tropical  botany  to  the  Secretary  of  War,  and  wrote  for  the  Sur- 
vival Program  of  the  armed  forces  a  manual  of  poisonous  and  food 
plants  of  the  jungles  of  the  Pacific  area. 

During  the  latter  part  of  the  war  years,  a  committee  of  Harvard 
botanists  appointed  by  Merrill  and  by  Professor  Alden  Dawson, 
Chairman  of  Harvard's  Department  of  Biology,  prepared  an  overall 
plan  to  bring  Harvard's  herbarium  and  botanical  library  facilities 
together  in  fireproof  quarters  at  Cambridge.  This  plan  was  sub- 
mitted to  the  Harvard  Corporation  and  accepted.  Merrill  was  at 
first  in  favor  of  the  plan,  but  eventually  came  to  believe  that  it  was 
not  in  the  best  interest  of  the  Arnold  Arboretum  and  opposed  it 
strongly  before  and  after  his  retirement  as  Director  of  the  Arnold 
Arboretum,  Notwithstanding  his  opposition,  the  final  plan  was  put 
into  effect  and  a  substantial  part  of  the  library  and  herbarium  of  the 
Arnold  Arboretum  was  moved  to  the  newly  constructed  building 
on  the  Cambridge  campus.  This,  combined  with  a  lingering  illness, 
made  Merrill's  final  years  of  life  unhappy.  He  retired  from  his  ad- 
ministrative post  in  July,  1946,  in  his  seventieth  year,  but  remained 
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for  two  years  as  Arnold  Professor  of  Botany.  In  1948  he  became 
Arnold  Professor  Emeritus,  but  continued  his  own  research  at  Har- 
vard and  abroad  as  vigorously  as  increasing  age  and  failing  health 
permitted. 

One  of  the  major  contributions  during  his  retirement  was  The 
Botany  of  Coo^s  Voyages.  While  writing  this  book  he  was  taken 
seriously  ill  and  completed  the  work  in  1954  under  great  difficulties 
between  bouts  of  illness.  The  book  is  a  monument  to  Merrill's  de- 
termination. It  deals  critically  and  mercilessly  with  the  extravagant 
theories  propounded  by  some  writers  on  the  origin  and  dispersal  of 
certain  economic  plants. 

Merrill  received  many  honors.  He  was  awarded  honorary  degrees 
of  Doctor  of  Science  from  the  University  of  Maine  in  1926  and  from 
Harvard  University  in  1936,  Doctor  of  Letters  from  the  University 
of  California  in  1936  and  from  Yale  University  in  1951.  In  1939  he 
was  given  the  gold  medal  of  the  French  Ministry  of  Agriculture 
and  a  diploma  from  the  Societe  Nationale  d'Acclimatation.  In  the 
same  year  the  Linnean  Society  of  London,  of  which  he  was  a 
Foreign  Member,  decorated  him  with  its  medal,  and  in  1950  he  was 
awarded  the  Geoffrey  St.  Hilaire  medal  anil  made  a  Commander  in 
the  Netherlands  Order  of  Oranje  Nassau.  He  was  an  honorary  mem- 
ber of  the  Deutsche  Botanische  Gesellschaft,  an  honorary  member 
of  the  Netherlands  Botanical  Society,  and  a  member  of  the  National 
Academy  of  Sciences  and  of  the  American  Philosophical  Society. 
He  served  as  official  U.  S.  delegate  to  the  Fifth  Pacific  Science  Con- 
gress in  Vancouver  in  1933,  as  President  of  the  Botanical  Society  of 
America  in  1934,  as  President  of  the  Section  of  Taxonomy  and  No- 
menclature of  the  Sixth  International  Botanical  Congress  in  Amster- 
dam in  1936  and  of  the  Seventh  in  Stockholm  in  1950,  as  Acting 
President  of  the  American  Association  for  the  Advancement  of  Sci- 
ence in  1931,  and  as  President  of  the  New  England  Botanical  Club, 
1937-1939,  the  American  Society  of  Plant  Taxonomists,  1946,  and  the 
International  Union  of  Biological  Sciences,  1935.  He  held  member- 
ship in  many  scientific  societies,  including:  American  Academy  of 
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Arts  and  Sciences  (fellow),  Philadelphia  Academy  of  Natural  Sci- 
ences, Academic  des  Sciences  de  Flnstitut  de  France  (correspondent), 
Torrey  Botanical  Club,  Sigma  Xi,  Phi  Beta  Kappa,  Alpha  Zeta,  Phi 
Kappa  Sigma,  Royal  Horticultural  Society  of  London,  Edinburgh 
Botanical  Society,  Royal  Society  of  Edinburgh,  Universidad  Na- 
cional  de  La  Plata  (Academico  Honorario),  Malayan  Branch  of  the 
Royal  Asiatic  Society,  Museum  National  d'Histoire  Naturelle  of 
Paris  (correspondent),  Nederlandse  Botanische  Vercniging,  Kon. 
Nederlands  Aardrijkskundig  Genootschap,  Naturhistorisches  Mu- 
seum of  Vienna  (correspondent),  Svenska  Vetenskaps  Akadcmien, 
Institut  Genevois,  Societe  Botanique  de  France,  Japanese  Botanical 
Society,  Peking  Society  of  Natural  History,  and  Royal  Agricultural 
and  Horticultural  Society  of  India.  In  1936,  he  was  official  guest  of 
Harvard  University  at  its  Tercentenary  Celebration.  For  a  number 
of  years  he  was  a  member  of  the  Latin  American  Committee  of 
Selection  of  the  John  Simon  Guggenheim  Foundation.  He  served  at 
various  times  as  a  member  of  the  board  of  directors  or  as  trustee  of 
a  number  of  institutions  and  societies,  such  as  the  Escuela  Agricola 
Panamericana  in  Honduras,  the  Gorgas  Memorial  Institute,  the  New 
York  Horticultural  Society,  and  the  Board  of  Managers  of  The 
New  York  Botanical  Garden. 

Merrill  was  of  medium  height,  slight  of  build,  and  blond,  in  con- 
trast to  his  twin  brother,  Dana  T.,  who  was  tall,  and  who  had  very 
dark  eyes  and  hair.  "His  voice  was  sharp  and  clipped,  characterized 
by  a  lasting  and  unmistakable  Maine  accent;  his  speech  frank  and 
blunt.  He  was  prone  to  make  quick-on-the-spot  decisions.  From 
earliest  youth  he  was  possessed  of  an  unsatisfiable  drive  sometimes 
approaching  brashness — the  key  to  his  great  achievements.  It  was 
that  drive  so  characteristic  of  Maine  people — whether  they  spend 
their  lives  on  their  native  farms  or  whether,  like  Merrill,  they  travel 
to  parts  foreign.  It  was  that  drive  which,  in  an  earlier  period,  sent 
the  Maine  clipper  ships  to  all  corners  of  the  earth.  And  there  is  much 
in  Merrill's  career — his  urge  to  see  new  lands,  to  seek  out  the  un- 
known, to  build  great  institutions  for  future  generations — that  can 
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be  likened  to  ...  the  spirit  of  Maine.  .  .  .  For,  though  Merrill  left 
his  native  habitat  early  in  his  career  and  never  returned  to  practice 
his  profession  there,  he  remained  always  a  State  of  Mainer"  (R.  E. 
Schultes,  1957). 

Merrill  was  a  man  in  a  hurry  who  saw  clearly  a  program  of  re- 
search which  absorbed  him,  but  which  was  greater  than  any  indi- 
vidual could  complete  within  the  limits  of  a  single  lifetime.  The 
demands  of  this  program  possessed  him.  It  led  him  to  make  various 
innovations  and  modifications  of  conventional  procedures  in  her- 
barium methods  which  increased  efficiency  in  the  use  of  this,  for 
him,  essential  tool  and  to  advocate  briefer  citations,  one-name  peri- 
odicals, and  other  means  of  economizing  time  and  effort.  It  induced 
him,  at  least  in  part,  to  make  quick  decisions  without  long  considera- 
tion of  the  pros  and  cons  and  to  act  at  times  without  regard  to  the 
feelings  of  others.  It  occupied  his  spare  time  when  ordinary  men 
would  have  found  administrative  responsibilities  more  than  enough. 
And  yet  with  all  his  effort  the  horizon  stretched  out  beyond  his 
reach.  Discussing  in  his  latest  book  (The  Botany  of  Captain  Coof^s 
Voyages)  the  contribution  a  study  of  pre-Linnean  herbaria  might 
make  towards  elucidating  the  place  of  origin  of  a  plant  species  which 
is  now  more  or  less  universally  distributed,  he  wrote,  "As  I  close  my 
active  career,  one  of  my  regrets  is  that  I  have  not  been  able  to  exploit 
these  promising  possibilities." 

It  has  been  said  that  Merrill  seldom  went  far  below  the  surface, 
that  he  was  content  in  most  instances  to  classify  the  plants  with 
which  he  dealt.  This  type  of  research  was  proper  for  the  region  he 
studied  and  was  the  only  procedure  which  permitted  him  to  do  what 
he  did  in  his  lifetime.  It  is  exactly  this  characteristic  ability  to  deal 
superficially  with  extraordinarily  large  numbers  of  plants  that  makes 
so  apt  the  epithet  "the  American  Linnaeus"  which  has  been  applied 
to  him.  Actually,  however,  Merrill  did  "go  below  the  surface."  He 
recognized  that  classification  was  prerequisite  for  other  investiga- 
tions and  the  magnitude  of  the  job  he  set  for  himself  left  little  time 
to  pursue  anything  else.  But  his  studies  of  the  floristic  and  faunistic 


294  BIOGRAPHICAL    MEMOIRS 

relationships  of  the  Philippines  to  other  Malaysian  areas,  of  the  sig- 
nificance of  vernacular  plant  names  to  the  introduction  of  species, 
and  of  the  origin  of  cultivated  plants  are  examples  of  "below  the 
surface"  investigations  carried  out  by  Merrill. 

In  spite  of  his  absorption  with  his  speciality  Merrill  was  not  a 
recluse.  Nothing  pleased  him  more  than  to  light  his  pipe  and  sit 
down  to  talk  with  a  group  of  gardeners  or  with  a  student  or  his 
colleagues,  mainly,  of  course,  about  plants.  He  played  an  active  part 
in  many  organizations  and  valued  the  associations  he  made  in  them. 
He  joined  the  Masonic  order  and  eventually  became  a  thirty-third 
degree  Mason.  He  enjoyed  an  evening  cocktail  in  his  later  years, 
and  loved  to  have  visitors  and  dinner  guests.  Though  he  had  no 
hobbies  outside  his  profession,  he  was  interested  in  sports,  especially 
baseball,  football,  and  tennis.  At  Manila  he  was  a  member  of  the 
Columbia  Club  (eventually  its  President),  and  played  tennis  in  the 
late  afternoon,  weather  permitting.  The  autobiographical  accounts 
of  his  adventures  in  collecting  in  the  Philippines  and  in  China  reveal 
some  of  the  human  aspects  of  his  character. 

Merrill  described  over  three  thousand  new  species  of  Philippine, 
Polynesian,  Chinese,  Moluccan,  and  Bornean  plants  and  was  the  au- 
thor of  more  than  five  hundred  technical  papers  and  books.  It  has 
been  estimated  that  he  was  responsible  for  adding  nearly  1,000,000 
herbarium  specimens  to  the  herbaria  of  the  Bureau  of  Science  of  the 
Philippines,  of  the  University  of  California,  of  The  New  York  Bo- 
tanical Garden,  and  of  the  Arnold  Arboretum  and  other  units  at 
Harvard  University,  plus  an  undetermined  number  of  duplicates  dis- 
tributed to  other  institutions.  At  least  seven  plant  genera  (Merrillia 
Swingle,  Merrilliobryum  Brotherus,  Merrilliodendron  Kanehira, 
Merrilliopdtis  Hennings,  Merrillosphaera  Shaw,  Sinomerrillia  Hu, 
and  Elmerrillia  Dandy}  are  dedicated  to  Merrill,  and  some  220  bi- 
nomials have  the  specific  name  dedicated  to  him.  When  Merrill 
referred  to  these  names  which  immortalized  him,  he  was  accus- 
tomed, with  a  twinkle  in  his  eye,  to  translate  Merrilliopdtis  as 
"Merrill's  hide." 
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His  energy  was  boundless.  It  was  his  habit,  at  the  University  of 
California,  to  arrive  at  the  herbarium  at  6:00  a.m.  and  work  on  ship- 
ments of  plants  until  he  left  for  the  Dean's  office  at  9:00  a.m. 

His  knowledge  of  plants  was  prodigious.  During  the  Second 
World  War,  soldiers  collected  plants  in  areas  of  the  western  Pacific 
and  sent  them  to  Merrill  for  identification,  but  because  of  military 
restrictions  the  place  of  collection  could  not  be  designated.  On  the 
basis  of  his  acquaintance  with  the  plants  of  the  western  Pacific,  Mer- 
rill was  frequently  able  to  locate  with  uncanny  accuracy  the  place 
from  which  such  collections  came.  In  one  instance,  for  example,  he 
spotted  the  place  of  collection  on  the  island  of  Borneo  within  an  area 
of  fifty  miles,  an  estimate  confirmed  after  military  restrictions  had 
been  lifted.  To  see  him  go  through  a  collection  of  herbarium  speci- 
mens from  his  chosen  area  and  name  the  majority  almost  as  rapidly 
as  he  picked  them  up  was  an  education  in  itself. 

His  interest  was  not  limited  to  taxonomy  as  such,  but  extended  to 
phytogeography,  plant  migration,  the  origin  and  distribution  of 
cultivated  plants,  and  to  ornamental  horticulture.  He  played  a  major 
part  in  the  introduction  to  the  West  in  1948  of  Metasequoia  glypto- 
$trobioides>  the  "living  fossil." 

He  had  a  gift  for  organization  which  was  demonstrated  by  the 
administrative  posts  he  held,  the  critical  lists  of  flora  and  bibliog- 
raphies he  prepared,  and  the  various  improvements  he  introduced  in 
the  organization  of  herbaria. 

He  had  a  keen  sense  of  humor  and  of  the  dramatic,  and  enjoyed 
telling  and  emphasizing  the  pertinent  aspects  of  some  incident.  At 
The  New  York  Botanical  Garden  he  insisted  on  sitting  in  the  front 
seat  of  an  automobile  because  that  was  evidence  of  rank  and  "the 
Director  was  the  rankest  member  of  the  staff ."  His  sister-in-law,  who 
confessed  that  all  she  knew  of  cooking  was  how  to  boil  an  egg,  was 
labeled  by  Merrill  thereafter  "The  Eggster,"  He  fully  appreciated 
the  dramatic  aspects  of  his  arrival  in  England  with  pockets  full  of 
seeds  of  Metasequoia,  which  he  casually  pulled  out  and  distributed 
to  botanical  associates,  and  of  his  discovery  in  the  British  Museum  of 
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unnamed  remnants  of  the  collections  by  Banks  and  Solander  made 
on  Captain  Cook's  first  voyage  around  the  world. 

Although  always  ready  to  help  anyone  interested  in  plants,  he 
had  no  hesitation  in  speaking  frankly,  critically,  even  bluntly.  The 
boy  who  was  "no  leader,  being  naturally  too  diffident  and  having 
little  confidence  in  my  own  abilities"  changed  with  time  to  a  man 
who,  convinced  in  his  own  mind  of  the  rightness  of  his  judgment, 
had  no  hesitation  in  expressing  it  and  fighting  for  it.  This  led  some 
to  consider  him  egotistical  and  vain,  and  sometimes  aroused  enmities. 
The  vast  majority  of  his  associates  recognized,  however,  that  his  deci- 
sions were  not  made  on  petty  grounds  and  admired  his  drive  and 
dedicated  service  to  botanical  science. 

His  reputation  as  a  brilliant  taxonomist,  a  builder  of  botanical  col- 
lections, a  dedicated  student,  and  an  able  administrator  was  world 
wide.  ". . .  Merrill  was  an  outstanding  internationalist  in  botany.  . .  . 
the  full  impact  of  the  international  emphasis  of  his  work  will  not 
wholly  be  appreciated  for  a  quarter  of  a  century.  His  influence  as  an 
international  figure  in  botany  will  grow  with  the  passing  of  the 
years"  (R.  E.  Schultes,  1957). 

His  unique  library  of  some  2,600  titles  was  given  to  The  New 
York  Botanical  Garden  with  the  provision  that  duplicates  were  to  be 
sold.  He  requested  that  the  proceeds,  plus  contributions  from  friends 
and  associates,  be  used  to  establish  a  fund  in  his  name  to  finance 
publication  or  a  medal  to  be  awarded  to  that  individual  within  the 
entire  field  of  botany,  irrespective  of  race,  creed,  or  nationality,  who 
was  considered  to  be  worthy  of  such  an  award.  This  action  was  in 
accord  with  the  interests  to  which  he  had  devoted  his  life. 
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1876  Born  at  East  Auburn,  Maine,  on  October  15. 

1894  Graduated  from  the  Edward  Little  High  School,  Auburn,  Maine. 

Entered  the  University  of  Maine. 

1898  B.  Sc.?  University  of  Maine;  Valedictorian. 

1899  First  paper  ("Notes  on  Maine  Plants")  published,  in  Rhodora, 

Vol.  i. 

1898-99        Assistant,  Dept.  of  Natural  Science,  University  o£  Maine. 
1899-1902    Assistant  Agrostologist,  U.  S.  Dept.  of  Agriculture,  Washington, 

D.  C. 

1900-01        Student  at  George  Washington  University,  Medical  School. 
1902-03        Botanist,  Bureau  of  Agriculture  and  Forestry,  Manila,  P.  I. 

1902  Visits  to  Ceylon  and  Singapore.  First  trip  to  Buitenzorg,  Java. 

1903  Dictionary  of  the  Plant  Names  of  the  Philippine  Islands  published. 
1903-05        Botanist,  Bureau  of  Government  Laboratories,  Manila,  P.  I. 

1904  M.  Sc.  degree,  University  of  Maine. 

1904  "New  and  Noteworthy  Philippine  Plants"  series  initiated. 

1905  Review  of  Blanco's  plant  species  published. 
1906-23        Botanist,  Bureau  of  Science,  Manila. 

1906  Mount  Halcon  Expedition,  one  of  a  great  many  exploring  expedi- 

tions in  the  Philippines  between  1902  and  1923. 

1906-23  Philippine  Journal  of  Science  established.  This  was  greatly  de- 
veloped and  in  part  edited  by  Dr.  Merrill  until  he  left  Manila 
in  1923. 

1907  Married  Mary  Augusta  Spcrry,  Manila,  P.  I. — Children:  Lynne, 

Dudley  Sperry,  Wilmans  Noyes  (dec.),  Ann. 

1907-08  First  leave  while  in  Manila:  nearly  three  months  spent  in  London, 
engaged  in  botanical  work,  with  shorter  visits  to  Leiden,  Berlin, 
Geneva,  and  Florence. 

1909  Fellow,  American  Association  for  the  Advancement  of  Science, 

1912-17  Associate  Professor  of  Botany  and  Head  of  the  Department.,  Uni- 
versity of  the  Philippines  (half-time  appointment). 

1912  Flora  of  Manila  published. 

1913  C.  B.  Robinson's  Expedition  to  Arnboina  planned. 

1913  Work  on  the  Guam  flora  Initiated. 

1914  Second  visit  to  Buitenzorg,  to  settle  matters  concerned  with  the 

death  of  C.  B.  Robinson  in  Amboina. 

1914  Enumeration  of  Guam  plants  published. 

1914-15        Second  leave  while  in  Manila,  spent  in  Washington,  D.  C. 

1915  Work  on  the  Borneo  flora  initiated. 

1916-17        Collecting  trips  in  Kwangtung  Province,  China. 
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1917-19  Professor  of  Botany,  University  of  the  Philippines  (half-time  ap- 
pointment) . 

1917  An  Interpretation   of  Rumphius*  Herbarium   Amboinensc  pub- 

lished. 

1918  Species  Blancoanae  published. 

1918  First  of  many  papers  on  the  flora  of  China  published. 

1919  Acting  Director,  Bureau  of  Science,  Manila. 

1919  Corresponding  Member,  Malayan  Branch,  Royal  Asiatic  Society, 

Singapore. 

1919-23        Director,  Bureau  of  Science,  Manila. 
1919-23        Professorial  Lecturer,  University  of  the  Philippines. 
1919-23        Editor,  Philippine  Journal  of  Science. 

1920  Honorary  Consulting  Botanist,  Bishop  Museum,  Honolulu. 

1920  Collecting  trip  to  Anwhei  and  Chekiang  Provinces,  China. 
1920-21        Third  leave.  Attended  First  Pan-Pacific  Congress  at  Honolulu, 

spent  remaining  time  in  California. 

1921  Bibliographic  Enumeration  of  Bornean  Plants  published. 

1921  First  of  many  papers  on  the  Hainan  flora  published. 

1922  Fellow,  American  Academy  of  Arts  and  Sciences. 

1923  Publication  of  Enumeration  of  Philippine  Flowering  Plants  com- 

menced. 

1923  First  important  papers  on  phytogeography  published. 

1923  Member,  National  Academy  of  Sciences,  Washington,  D.  C. 

1923  Corresponding  Member,  Societe  des  etudes  oceannes,  Tahiti. 

1923  Member,  Second  Pan-Pacific  Science  Congress  at  Melbourne  and 

Sydney,  Australia. 

1924  Bibliography  of  Polynesian  Botany  issued. 

1924  Correspondent,  Museum  National  d'Histoire  Naturelle,  Paris. 

1924  Correspondent,  Naturhistorisches  Museum,  Vienna. 

1924  First  paper  on  the  Indo-China  flora  published. 

1924  Council  Member,  Save-the-Redwoods  League. 

1924-29  Professor  of  Agriculture  and  Dean,  College  of  Agriculture,  Uni- 
versity of  California,  and  Director,  Agriculture  Experiment  Sta- 
tion. 

1925-29        Editor,  Hilgardia. 

1925  Member,  Societe  Botanique  de  France,  Paris. 

1925  Corresponding  Member,  Deutsche  Botanische  Gesellschaft. 

1925  Member,  California  Academy  of  Sciences. 

1926  Sc.  D.,  University  of  Maine. 

1926  Enumeration  of  Philippine  Flowering  Plants  finished. 

1927  Enumeration  of  Hainan  Plants  published. 
1927-28        Director,  California  Botanical  Garden,  Los  Angeles. 

1929  Corresponding  Member,  Peking  Society  of  Natural  History. 
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1930  Vice  President  and  Chairman,  Section  of  Nomenclature,  Fifth 

International  Botanical  Congress,  Cambridge,  England. 

1930  First  important  paper  on  ethnobotany  issued. 

I93°~3I  American  editor  of  International  Address  Boo^  of  Botanists. 

I93°"35  Director,  The  New  York  Botanical  Garden. 

I93°""35  Professor  of  Botany,  Columbia  University. 

1931  Vice  President  and  Chairman,  Section  G,  American  Association 

for  the  Advancement  of  Science;  Acting  President,  A.A.A.S. 

Meeting,  December  1931. 
1931  Member,  Latin  American  Committee  of  Selection,  Guggenheim 

Foundation. 

1931  Brittonia  established.  Editor,  1931-35. 

1931-35        Trustee,  Horticultural  Society  of  New  York. 

1931  Member,  New  York  Academy  of  Sciences. 

1932  Member,  Washington  Academy  of  Sciences. 
1932             Ehrenmitglied,  Deutsche  Botanische  Gesellschaft. 
1932              Member,  American  Philosophical  Society. 

1932  Member,  Educational  Advisory  Board,  Guggenheim  Foundation. 

1932  Correspondent,  Academy  of  Natural  Sciences  of  Philadelphia. 
*933  Foreign  Member,  Linnean  Society  of  London. 

1933  Delegate,  Fifth  Pacific  Science  Congress,  Victoria  and  Vancouver, 

representing  the  U.  S.  Government. 

1934  President,  Botanical  Society  of  America. 

1934  First  paper  on  the  Sumatra  flora  published. 

1935  Member,  Board  of  Managers,  The  New  York  Botanical  Garden. 
1935  President,  International  Union  of  Biological  Sciences. 

I935  Honorary  Member,  Netherlands  Botanical  Society. 

1935  Honorary  Member,  Royal  Horticultural  Society  of  London. 

1935  Honorary  Member,  Pennsylvania  Horticultural  Society. 

*935  President,  Section  of  Taxonomy  and  Nomenclature,  Sixth  Inter- 

national Botanical  Congress,  Amsterdam. 

1935  Appointment  to  Arnold  Professorship  of  Botany,  Director  of  the 

Arnold  Arboretum,  and  Administrator  of  Botanical  Collections, 
Harvard  University. 

1935  Commentary  on  Loureiro's  Flora  Cochinchincnsis  published. 

1935  Advisory  Editor,  Chronica  Botanica. 

1935  Official  delegate  to  the  Sixth  International  Botanical  Congress, 

Amsterdam,  Sept.  2-7,  1935,  representing  the  United  States 
Government,  also  National  Academy  of  Sciences,  The  New 
York  Botanical  Garden,  A.A.A.S.,  Bishop  Museum,  and  the  New 
York  Academy  of  Sciences.  Chairman  of  the  U.  S.  Government 
and  National  Academy  of  Sciences  delegations. 

1936  President  at  Large,  Herb  Society  of  America. 
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1936  Honorary  Member,  Japanese  Botanical  Society. 

1936  LL.  D.,  University  of  California. 

1936  Sc.  D.,  Harvard  University. 

1936  Official  guest  o£  Harvard  University  at  the  Tercentenary  Cele- 
bration. 

1936  Member,  Board  of  Managers,  Barro  Colorado  Biological  Station. 

1937  President,  New  England  Botanical  Club. 

*937  Polynesian  Botanical  Bibliography  (-^775-^9^5)  published, 

1937  Academico  Honorario,  Universidad  Nacional  dc  La  Plata, 

1938  Honorary  Member,  Kon.  Nederlandsch  Aardrijkskundig  Gcnoot- 

schap. 
1938  Trustee,  Massachusetts  Horticultural  Society. 

1938  A  Bibliography  of  Eastern  Asiatic  Botany  (with  E.  H.  Walker) 

published. 

1939  Recipient  of  the  Linnean  Gold  Medal,  Linnean  Society  oi:  London. 

1939  Medaille  d'Or  awarded  by  the  Societe  Nationale  d'Acclimatation. 
X939  First  of  many  papers  on  the  flora  of  New  Guinea  and  the  Solomon 

Islands  published. 
X939  Corresponding  Member,  Institut  Genevois. 

1940  Associate,  Museum  National  d'Histoire  Naturelle,  Paris. 

1940  President,  Fairchild  Tropical  Garden,  Florida. 

1941  Honorary  Member,  Royal  Agricultural  and  Horticultural  Society 

of  India. 
1941  First  paper  on  the  flora  of  Burma  published. 

1941  Arnoldia  established. 

1942  Work  on  Index  Rafinesquianus  initiated. 

1942  Sargentia  established. 

1942-45  Much  work  concerned  with  the  identification  of  botanical  material 
sent  in  by  service  men  scattered  from  Upper  Burma  to  New 
Caledonia.  Lectured  every  two  months  to  each  incoming  group 
of  trainees  in  the  intensive  refresher  course  on  tropical  medicine, 
Army  Medical  School,  Washington,  D.  C.,  on  poisonous  and 
emergency  food  plants. 

1943  Emergency  Food  Plants  published  by  the  U.  S.  War  Department. 
1943-45        Consultant  to  the  Secretary  of  War. 

1944  Work  on  problems  in  nomenclature  of  Bartram,  Amos  Eaton, 

and  Muhlenberg  initiated. 

1945  Recipient  of  Appreciation  of  Services  as  Consultant  to  the  Secre- 

tary of  War. 

1945  Vice  President,  International  Council  of  Scientific  Unions. 

1945  Correspondant,  Academic  des  Sciences  de  I'lnstitut  de  France. 

1945  Plant  Life  of  the  Pacific  World  published. 

1945  Honorary  Foreign  Member,  Edinburgh  Botanical  Society. 
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1946  Honorary  Foreign  Member,  Kungl.  Svenska  Vetenskapsakade- 
mien. 

1946  Member,  Advisory  Scientific  Board,  Gorgas  Memorial  Institute, 

1946  Member,  Board  of  Directors,  Escuela  Agncola  Panamericana. 

1946  Honorary  Fellow,  Royal  Society  of  Edinburgh, 

1946  A  Botanical  Bibliography  of  the  Islands  of  the  Pacific  published. 

1946  Resignation  as  Director  of  the  Arnold  Arboretum  accepted,  effec- 
tive July  31. 

1946  Member,  Administrative  Board,  Canal  Zone  Biological  Area. 

1946  Member,  Pacific  Science  Council. 

1946  Member,  Executive  Committee,  Mass.  Forest  and  Park  Assn. 

1946  Collaborator,  Botanical  Garden,  Buitenzorg,  Java. 
1946-48  Arnold  Professor  of  Botany. 

1947  Recipient  of  the  George  Robert  White  medal  of  honor. 

1948  Emeritus  Professor  of  Botany. 

1948  Commander,  Netherlands  Order  of  Oranje  Nassau. 

1948  Certificate  of  Appreciation,  Federated  Garden  Clubs  of  Massachu- 

setts. 

1948  Member,  Special  Commission  on  Botanical  Nomenclature,  Utrecht, 

Holland. 

1948  Honorary  President,  Botanical  Section,  International  Union  of 

Biological  Sciences. 

1948  President,  Section  of  Nomenclature,  Seventh  International  Botani- 

cal Congress,  Stockholm.  July  7-20. 

1948  Grand  me*daille  Geoffrey  St.  Hilaire,  Societe  nationalc  d'acclimata- 

tion  de  France, 

1949  Corresponding  Member,  Sociedad  de  Botanica  Cubana. 

1950  Vice  President,  Royal  Horticultural  Society,  London,  England. 

1950  Honorary  President,  Plant  Science  Section,  International  Associa- 

tion of  Biologists. 

1951  Honorary  Sc.  D.,  250th  Commencement,  Yale  Univ. 

1951  Guggenheim  Fellow  for  work  on  Malaysian  collection,   British 

Museum  (Nat.  Hist.)  July  3~Dec.  15,  1951.  Renewed  for  a  sec- 
ond year,  1952. 

1951  Member,  Board  of  Trustees,  Flora  Malesiana  Foundation. 

1952  Distinguished  Service  Award,  The  New  York  Botanical  Garden. 
1956  Died,  Forest  Hills,  Mass.,  February  25. 
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KEY  TO  ABBREVIATIONS 

Amer.  Anthropol.=  American  Anthropologist 

Amer.  Fern  Jour. —  American  Fern  Journal 

Amer.  Jour.  Bot.  =  American  Journal  of  Botany 

Amer.  Nat.  =  American  Naturalist 

Amer.  Orchid  Soc.  Bull.  =  American  Orchid  Society  Bulletin 

Amer.  Scholar  =  American  Scholar 

Ann.  Jard.  hot.  Buitenzorg  =  Annales  du  Jardin  botanique  de  Buitcnzorg 

Arnold  Arb.  Bull.  Pop.  Inf.  =  Arnold  Arboretum  Bulletin  of  Popular  Infor- 
mation 

Bishop  Mus.  Occ.  Pa.  =  Bishop  Museum  Occasional  Papers 

Bot.  Gaz.  =  Botanical  Gazette 

Bot.  Jahrb.==Botanische  Jahrbikher 

Bot.  Mag,  Tokyo  =  Botanical  Magazine,  Tokyo 

Bot.  Rev.  =  Botanical  Review 

Bull.  Bishop  Mus.  =  Bulletin  of  the  Bishop  Museum 

Bull.  Jard.  bot.  Buitenzorg  =  Bulletin,  Jardin  botanique  de  Buitcnzorg 

Bull.  Soc.  bot.  F ranee  =  Bulletin,  Societe  botanique  de  France 

Bull.  Torrey  Bot.  Club  =  Bulletin  of  the  Torrey  Botanical  Club 

Bur.  Sci.  Monog.  =  Bureau  of  Science  Monographs 

Bur.  Sci.  Publ.,  Manila  =  Bureau  of  Science  Publications,  Manila 

Chron.  Bot.  =  Chronica  Botanica 

Contr.  Gray  Herb. = Contributions  from  the  Gray  Herbarium 

Contr.  U.  S.  Nat.  Herb.  =  Contributions  from  the  United  States  National 
Herbarium 

Fedde  Repert.  =  Fedde,  Repertoriurn  specierum  Novarum  regni  vegctabeles 

Gard.  Bull.  Straits  SettL  =  Garden  Bulletin,  Straits  Settlement 

Geog.  Rev.  =  Geographical  Review 

Jour.  Amer,  Med.  Assn.  =  Journal  of  the  American  Medical  Association 

Jour.  Arn.  Arb,= Journal  of  the  Arnold  Arboretum 

Jour.  Bot.  =  Journal  of  Botany 

Jour.  Malay  Branch  R.  As.  Soc.  =  Journal  of  the  Malay  Branch  of  the  Royal 
Asiatic  Society 

Jour.  N.  Y.  Bot.  Gard.  =  Journal  of  The  New  York  Botanical  Garden 

Jour.  Roy.  Hort.  Soc.  =  Journal  of  the  Royal  Horticultural  Society 

Jour.  Straits  Branch  R.  As.  Soc.  =  Journal  of  the  Straits  Branch  of  the  Royal 
Asiatic  Society 

Jour.  Urusvati  Himal.  Res.  Inst.= Journal  of  Urusvati  Himalayan  Research 
Institute 

Jour.  Wash.  Acad.  Sci. = Journal  of  the  Washington  Academy  of  Sciences 

Lingnan  Agric.  Rev.  =:  Lingnan  Agricultural  Review 

Lingnan  Sci.  Jour.  =  Lingnan  Scientific  Journal 
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Meded.  Rijks,  Herb.  Leiden  =  Mededeelingen  van  Rijks  Herbarium,  Leiden 

Mem.  Amer.  Acad.  Arts  Sci.  =  Memoirs  of  the  American  Academy  of  Arts  and 
Sciences 

Mem.  Brooklyn  Bot.  Gard.  =  Memoirs  of  the  Brooklyn  Botanic  Garden 

Mem.  Gray  Herb.  Harvard  Univ.  :=  Memoirs  of  the  Gray  Herbarium  of  Har- 
vard University 

Mid-Pacific  Mag.  =  Mid-Pacific  Magazine 

Mitt.  Inst.  allgem.  Bot.  Hamburg  =  Mitteilungen  aus  dem  Institut  fur  allege- 
meine  Botanik,  Hamburg 

Mo.  Bull.  Calif.  State  Dept.  Agric.  =  Monthly  Bulletin  of  the  California  State 
Department  of  Agriculture 

Mo.  Bull.  Hort.  Soc.  N.  Y.  =  Monthly  Bulletin  of  the  Horticultural  Society  of 
New  York 

Nat.  Acad.  Sci.  Biogr.  Mem.  =  National  Academy  of  Sciences  Biographical 
Memoirs 

Nat.  Hist.  =  Natural  History 

Not.  Nat.  =  Notulae  Naturae  of  the  Academy  of  Natural  Sciences  of  Phila- 
delphia 

Off.  Reg.  Harvard  Univ.  Reprint  =  Official  Register  of  Harvard  University 
Reprint 

Pacific  Sci.  =  Pacific  Science 

Pa.  Mich.  Acad.  Sci.  =  Papers  of  the  Michigan  Academy  of  Science,  Arts  and 
Letters 

P.  I.  Bur.  Agric.  Bull.  =  Philippine  Island  Bureau  of  Agriculture  Bulletin 

P.  I.  Bur.  Forestry  Bull.  =  Philippine  Island  Bureau  of  Forestry  Bulletin 

P.  I.  Dept.  Agric.  Bur.  Sci.  Pop.  Bull.  =  Philippine  Island  Department  of  Agri- 
culture Bureau  of  Science  Popular  Bulletin 

Phil.  Jour.  Sci.  =  Philippine  Journal  of  Science 

Proc.  Amer.  Acad.  Arts  Sci.  =  Proceedings  of  the  American  Academy  of  Arts 
and  Sciences 

Proc.  Amer.  Philos.  Soc.  =  Proceedings  of  the  American  Philosophical  Society 

Proc.  Linn.  Soc.  =  Proceedings  of  the  Linnaean  Society 

Proc.  Linn.  Soc.  N.  S.  W.  =  Proceedings  of  the  Linnaean  Society  of  New  South 
Wales 

Proc.  Pan-Pacific  Sci,  Congr.  =  Proceedings  of  the  Pan-Pacific  Scientific  Con- 
gress 

Proc.  Roy.  Can.  Inst.  =  Proceedings  of  the  Royal  Canadian  Institute 

Proc.  Roy.  Soc.  Queensland  =  Proceedings  of  the  Royal  Society  of  Queensland 

Rept.  Phil.  Comm.= Report  of  the  Philippine  Commission 

Rev.  Argent.  Agron.=Revista  Argentina  de  Agronomia 

Rev.  Inter.  Bot.  Appl.  Agr.  Trop.  =  Revue  Internationale  de  Botanique  Ap- 
pHque'e  et  d'Agriculture  Tropicale 
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Rev.  of  Re v.  =  Review  of  Reviews 

Rev.  Sudam.  Bot.  =  Revista  Sudamericana  de  Botanica 

Sarawak  Mus.  Jour.  =  Sarawak  Museum  Journal 

Sci.  Mo.  =  Scientific  Monthly 

Trans.  Amer.  Philos.  Soc.  =  Transactions  of  the  American  Philosophical  Society 

Trans.  Nat.  Hist.  Soc.  Formosa  =  Transactions  of  the  Natural  History  Society 

of  Formosa 
U.  S.  Dept.  Agric.  Bur.  PL  Ind.  =  United  States  Department  of  Agriculture 

Bureau  of  Plant  Industry 
U.  S.  Dept.  Agric.  Div.  Agrost.  =  United  States  Department  of  Agriculture 

Division  of  Agrostology 

Univ.  Calif.  Publ.  Bot.  =  University  of  California  Publications  on  Botany 
Yearb.  Amer.  Philos.  Soc.  =  Yearbook  of  the  American  Philosophical  Society 
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Index  to  Philippine  Botanical  Literature.  Phil.  Jour.  Sci.,  Bot,  2:241-50; 

II,  2:345-49;  III,  2:437-39. 
The  Occurrence  of  Antiaris  in  the  Philippines.  Phil.  Jour.  Sci.,  Bot.  2: 

III-I2. 
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Some  Genera  and  Species  New  to  the  Philippine  Flora.  Phil.  Jour.  Sci., 
Bot.  2:421-28. 

1908 

The  Genus  Radermachera  Hassk.,  in  the  Philippines.  Phil.  Jour.  Sci., 

Bot.  3:331-38. 

Index  to  Philippine  Botanical  Literature,  IV,  Phil.  Jour.  Sci.,  Bot.  3:87-94. 
New  or  Noteworthy  Philippine  Plants,  VI.  Phil.  Jour.  Sci.,  Bot.  3:219-67. 
New  Philippine  Plants  from  the  Collections  of  Mary  Strong  Clemens,  I. 

Phil.  Jour.  Sci.,  Bot.  3:129-65. 

The  Oaks  of  the  Philippines.  Phil.  Jour.  Sci.,  Bot.  3:317-30. 
On  a  Collection  of  Plants  from  the  Batanes  and  Babuyanes  Islands.  Phil. 

Jour.  Sci.,  Bot.  3:385-442,  map. 
Philippine  Ericaceae.  Phil.  Jour.  Sci.,  Bot.  3:369-82. 
Philippine  Freycinetia.  Phil.  Jour.  Sci.,  Bot.  3:307-15. 
The  Philippine  Plants  Collected  by  the  Wilkes  United  States  Exploring 

Expedition.  Phil.  Jour.  Sci.,  Bot.  3  73-85,  pi.  1-4. 
The  Philippine  Species  of  Garcinia,  Phil.  Jour.  Sci.,  Bot.  3 :359~68. 
With  R.  A.  Rolfe.  Notes  on  Philippine  Botany.  Phil.  Jour.  Sci.,  Bot.  3: 

95~127- 

1909 

Index  to  Philippine  Botanical  Literature,  V.  Phil.  Jour.  Sci.,  Bot.  4:677-85. 
The  Malayan,  Australasian  and  Polynesian  Elements  in  the  Philippine 

Flora.  Ann.  Jard.  bot.  Buitenzorg,  2  (Suppl  III)  :277~3o6. 
Medical  Survey  of  the  Town  of  Taytay.  Part  V.  The  Principal  Foods 

Utilized  by  the  Natives.  Phil  Jour.  Sci.,  B.  Med,  Sci.  4:219-23. 
New  or  Noteworthy  Philippine  Plants,  VII.  Phil.  Jour.  Sci.,  Bot.  4  .-247-330. 
A  Preliminary  Revision  of  Philippine  Combretaceae.  Phil  Jour.  Sci.,  Bot. 

4:641-50. 

A  Revision  of  Philippine  Connaraceae.  Phil.  Jour.  Sci.,  Bot.  4:117-28. 
A  Revision  of  Philippine  Loranthaceae.  Phil.  Jour.  Sci.,  Bot.  4:129-53. 

1910 

Catalogue  of  the  Plants  Cultivated  in  the  City  Nursery  at  Cementerio  del 
Norte.  Manila,  P.  I,  Philippine  Islands  Bureau  of  Printing.  40  pp. 

An  Enumeration  of  Philippine  Leguminosae,  with  Keys  to  the  Genera 
and  Species,  Phil.  Jour.  Sci.,  Bot.  5  '.1-136. 

Index  to  Philippine  Botanical  Literature,  VI.  Phil.  Jour.  Sci.,  Bot.  5: 
259-66. 
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New  or  Noteworthy  Philippine  Plants,  VIII.  Phil.  Jour.  Sci.,  Bot.  5: 

167-257. 

Prospectus.  Plantae  insularum  Philippinensiurn.  4  pp. 
With  M.  L.  Merritt.  The  Flora  o£  Mount  Pulog.  Phil.  Jour.  Sci.,  Bot.  5: 

287-403,  pi.  1-4,  map. 
With  F.  L.  Scribner.  The  Grasses  of  Alaska.  Contr.  U.  S.  Nat.  Herb.,  13: 

47-92,  pi.  15,  16. 

1911 
The  Philippine  Species  of  Begonia.  Phil.  Jour.  Sci.,  Bot.  6:369-406. 

1912 

A  Descriptive  Catalogue  of  the  Plants  Cultivated  in  the  City  Nursery  at 

the  Cementerio  del  Norte,  2nd  ed.  Manila,  P.  L,  Philippine  Islands 

Bureau  of  Printing,  62  pp.,  12  pis. 
A  Flora  of  Manila.  Bur.  Sci.  Publ.  Manila,  5  11-490. 
Review  of  Ex^ursionsflora  von  Java  umfassend  die  Bliltenpflanzen  mil 

besonderer  Beruc^sichtigung  der  im  Hochgebirge  wildwachsende  Artcn, 

by  S.  H.  Koorders.  Phil.  Jour.  Sci.,  Bot.  7:359-61. 

New  or  Noteworthy  Philippine  Plants,  IX.  Phil.  Jour.  Sci.,  Bot.  7:259-357. 
Nomenclatural  and  Systematic  Notes  on  the  Flora  of  Manila.  Phil.  Jour. 

Sci.,  Bot.  7:227-51. 

Notes  on  Philippine  Euphorbiaceae.  Phil.  Jour.  Sci.,  Bot.  7:379-410. 
Notes  on  the  Flora  of  Manila  with  Special  Reference  to  the  Introduced 

Element.  Phil.  Jour.  Sci.,  Bot.  7:145-208. 

On  the  Identity  of  Evodia  triphylla  DC.  Phil.  Jour.  Sci.,  Bot.  7:373-78. 
The  Pineda  Monument  and  the  Probable  Site  of  the  First  Botanic  Garden 

in  the  Philippines.  Phil.  Jour.  Sci.,  Bot.  7:363-69,  pi.  22. 
Sertulum  Bontocense;  New  or  Interesting  Plants  Collected  in  Bontoc 

Subprovince,  Luzon,  by  Father  Morice  Vanoverbergh.  Phil.  Jour.  Sci., 

Bot.  7:71-107. 


The  Botanical  Exploration  of  Amboina  by  the  Bureau  of  Science,  Manila. 

Science,  n.  s.,  39:499-502. 
Philippine  Shade  Trees  and  Ornamental  Plants,  Their  Planting  and  Care. 

Bureau  Public  Works  Quarterly  Bulletin,  2:34-41. 
Plantae  Wenzelianae.  Phil.  Jour.  Sci.,  Bot.  8  363-90. 
Studies  on  Philippine  Melastomataceae,  I.  Phil.  Jour.  Sci.,  Bot.  8:207-50; 

II.  Phil.  Jour.  Sci.,  Bot.  8:335-61,  pi.  n,  12. 
Studies  on  Philippine  Rubiaceae,  L  Phil.  Jour.  Sci.,  Bot.  8:31-63,  pi.  i. 
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1914 

Charles  Budd  Robinson,  Jr.  Phil.  Jour.  Sci.,  Bot.  9:191-97. 
Dilleniaceae  novae.  Phil.  Jour.  Sci.,  Bot.  9:517-30. 
An  Enumeration  of  the  Plants  of  Guam.  Phil.  Jour.  Sci.,  Bot.  9:17-155. 
Lijst  der  door  Dr.  C.  B.  Robinson  in  Amboina,  op  den  berg  Batoe  Gadjah 

in  het  Rumphius-Natuurmonument,   in  Augustus   1914  verzamelde 

planten.  Nederl.  Ind.  Vereenig.  Natuurbescherming  Eerste  Jaarverslag 

1912-13,  pp.  135-37. 

Meliaceae  novae.  Phil.  Jour.  Sci.,  Bot.  9:531-41. 

New  or  Noteworthy  Philippine  Plants,  X.  Phil.  Jour.  Sci.,  Bot.  9:261-337. 
Notes  on  Philippine  Euphorbiaccae,  II.  Phil.  Jour.  Sci.,  Bot.  9:461-93. 
Plantae  Wenzelianae,  II.  Phil.  Jour.  Sci.,  Bot.  9:353-89. 
Scrtulum  Bontocense;  New  or  Interesting  Plants  Collected  in  Bontoc 

Subprovince,  Luzon,  by  Father  Morice  Vanoverbergh,  II.  Phil.  Jour.  Sci., 

Bot. 


1915 

A  Contribution  to  the  Bibliography  of  the  Botany  of  Borneo.  Sarawak 

Mus.  Jour.,  2:99-136. 
Genera  and  Species  Erroneously  Credited  to  the  Philippine  Flora.  Phil. 

Jour.  Sci.,  Bot.  10:171-94. 
New  or  Noteworthy  Philippine  Plants,  XL  Phil.  Jour.  Sci.,  Bot.  10:1-84; 

XII.  Phil.  Jour.  Sci.,  Bot,  10:287-349. 
New  Species  of  Eugenia.  Phil.  Jour.  Sci.,  Bot.  10:207-25. 
New  Species  of  Schcfflera.  Phil.  Jour.  Sci.,  Bot.  10:195-205. 
On  the  Application  of  the  Generic  Name  Nauclea  of  Linnaeus.  Jour. 

Wash.  Acad.  Sci.,  5:530-42. 

Plantae  Wenzelianae,  III.  Phil.  Jour.  Sci.,  Bot.  10:265-85. 
The  Present  Status  of  Botanical  Exploration  of  the  Philippines.  Phil.  Jour. 

Sci.,  Bot.  10:159-70,  map. 
A  Simple  Method  of  Making  Carbon  Leaf  Impressions.  Torreya,  15:175- 

81,  fig.  1-3. 

Studies  on  Philippine  Anonaceae,  L  PhiL  Jour.  Sci.,  Bot.  10:227-64. 
Studies  on  Philippine  Rubiaceae,  II.  PhiL  Jour.  Sci.,  Bot.  10:99-144. 

1916 

Korthalsella,  Bifaria,  and  Pseudixus.  Bot.  Mag.  Tokyo,  30:66-68. 

New  or  Interesting  Philippine  Vitaceae.  PhiL  Jour.  Sci.,  Bot.  11:125-45. 

New  Plants  from  Samar.  Phil.  Jour.  Sci.,  Bot.  11:175-206. 
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New   Plants   from    Sorsogon   Province,   Luzon.   Phil.   Jour.   Sci.,    Bot. 

11:1-35. 

Notes  on  the  Flora  o£  Borneo.  Phil.  Jour.  Sci.,  Bot.  11:49-100. 
On  the  Identity  of  Blanco's  Species  of  Bambusa.  Amer.  Jour.  Hot.,  3:58-64. 
On  the  Utility  of  Field  Labels  in  Herbarium  Practice.  Science,  n.  s.,  44: 

664-70. 

Osbeck's  Dagbok  ofwer  en  Ostindsk  Resa.  Amer.  Jour.  Bot.,  3:571-88. 
Reliquiae  Robinsonianae.  Phil.  Jour.  Sci.,  Bot.  u  1243-3 19. 
The  Systematic  Position  of  the  "Rain-Tree,"  Pithccolobium  Saman.  Jour. 

Wash.  Acad.  Sci.,  6:42-48. 

1917 

Alabastra  Borneensia.  Jour.  Straits  Branch  R.  As,  Soc.,  77:189-247. 
Contributions  to  Our  Knowledge  of  the  Flora  of  Borneo.  Jour.  Straits 

Branch  R.  As.  Soc.,  76:75-117. 
The  Dates  of  Publication  of  the  Third  Edition  of  Blanco's  Flora  dc 

Filipinas.  Phil.  Jour.  Sci.,  Bot.  12:113-16. 
An  Interpretation  of  Rumphius'  Herbarium  Amboinensc.  Bur.  Sci.  Publ. 

Manila,  9:1-595,  maps. 
Koordersiochloa  javanica  Merrill,  a  New  Genus  and  Species  of  Gramincae 

from  Java.  Phil.  Jour.  Sci.,  Bot.  12:67-71,  pi.  i. 
New  Philippine  Lauraceae.  Phil.  Jour,  Sci.,  Bot.  12:125-41. 
New  Philippine  Melastomataceae.  Phil.  Jour.  Sci.,  Bot.  12:337-60. 
New  Philippine  Myrsinaceae.  Phil.  Jour.  Sci.,  Bot.  12:143-58. 
New  Philippine  Shrubs  and  Trees.  Phil.  Jour.  Sci.,  Bot.  12:263-303. 
Notes  on  the  Flora  of  Kwangtung  Province,  China.  Phil.  Jour.  Sci.,  Bot. 

12:99-111. 

Studies  on  Philippine  Rubiaceae,  III.  Phil.  Jour.  Sci.,  Bot.  12:159-76. 
Two  New  Genera  and  Four  New  Species  of  Philippine  Compositae,  Phil. 

Jour.  Sci.,  Bot.  12:117-24,  pi.  1-3. 

Type,  Cotype,  and  Topotype  Labels,  Torreya,  17:13-15,  fig.  1-3. 
With  W.  H.  Brown  and  H.  S.  Yates.  The  Revegetation  of  Volcano  Is- 
land, Luzon,  Philippine  Islands,  Since  the  Eruption  of  Taal  Volcano 

in  1911.  Phil.  Jour.  Sci.,  Bot.  12:177-248,  pi.  4-16. 

1918 

Description  of  a  New  Species  of  Pollinia  in  Java.  Bull.  Jard.  bot.  Buiteo- 

zorg  III,  i  :i6. 
New  or  Noteworthy  Philippine  Plants,  XIII.  Phil.  Jour.  Sci.,  Bot.  13:1-66; 

XIV,  13:263-333. 
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New  Species  of  Bornean  Plants.  Phil.  Jour.  Sci.,  Hot.  13:67-122. 

Notes  on  the  Flora  of  Loh  Fau  Mountain,  Kwangtung  Province,  China. 

Phil.  Jour.  Sci.,  Bot,  13:123-61. 
Oreomyrrhis  borneenis  Merr.  sp.  nov,,  an  Interesting  Addition  to  Our 

Knowledge  of  the  Malayan  Flora.  Amer.  Jour.  Bot.,  5:514-15,  pi.  36. 
Species  Blancoanae.  A  Critical  Revision  of  the  Philippine  Species  of 

Plants  Described  by  Blanco  and  by  Llanos.  Bur.  Sci.  Publ.  Manila, 

12:1-423,  map. 

1919 

Additional  Notes  on  the  Kwangtung  Flora.  Phil.  Jour.  Sci.,  15:225-61. 

Additions  to  the  Flora  o£  Guam.  Phil.  Jour.  Sci.,  15:539-44. 

The  Bornean  Species  of  Eugenia,  Schefflera  and  Saurauia,  Represented  in 

the  Singapore  Herbarium.  Jour.  Straits  Branch  R.  As.  Soc.,  79:19-35. 
New  or  Noteworthy  Philippine  Plants,  XV.  Phil.  Jour.  Sci.,  14:365-457. 
Notes  on  the  Flora  of  Sumatra.  Phil.  Jour*  Sci.,  14:239-50. 
On  the  Application  of  the  Generic  Name  Melodorum  of  Loureiro.  Phil. 

Jour.  Sci.,  15:125-37. 
On  the  Identity  of  Polypodium  spinulosum  Burm.  f.  Proc.  Linn,  Soc. 

N.  S.  W.,  44:353~54- 
With  W.  H.  Brown.  Philippine  Palms  and  -Palm  Products.  P.  I  Bur. 

Forestry  Bull.,  18:1-129,  pi.  1-14. 
With  H.  A.  Lee.  The  Susceptibility  of  a  Non-rutaccous  Host  to  Citrus 

Canker.  Science,  n.  $.,  49:499-500. 
With  W.  H.  Wade.  The  Validity  of  the  Name  Discomyces  for  the  Genus 

of  Fungi  Variously  Called  Actinomyces,  Streptothrix,  and  Nocardia. 

Phil.  Jour.  Sci.,  14:55-69. 

1920 

Camphorina  vs.  Cinnaniornum.  Bot.  Gaz.,  70:84-85. 

Comments  on  Cook's  Theory  as  to  the  American  Origin  and  Prehistoric 
Polynesian  Distribution  of  Certain  Economic  Plants,  Especially  Hibis- 
cus tiliaceus  Linnaeus.  Phil.  Jour.  Sci.,  17:377-84. 

Eighteenth  Annual  Report  of  the  Director  of  the  Bureau  of  Science, 
Philippine  Islands,  for  the  Year  Ending  Dec.  31,  1919.  79  pp. 

Myrmeconauclea,  a  New  Genus  of  Rubiaceous  Plants  from  Palawan  and 
Borneo.  Phil  Jour.  Sci.,  17:375-76. 

A  New  Genus  of  Myrsinaceae  from  the  Philippines.  Phil.  Jour.  Sci.,  17: 
605-6. 

New  or  Noteworthy  Philippine  Plants,  XVI.  Phil  Jour.  Sci.3  17:239-323. 
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Notes  on  Philippine  Euphorbiaceae,  III.  Phil.  Jour.  Sci.,  16:539-79. 

On  the  Identity  of  Aegiphila  viburnifolia  Jussieu.  Phil.  Jour.  Sci.,  16:449- 

53,  pi.  i. 
Studies  on  Philippine  Rubiaceae,  IV.  Phil.  Jour.  Sci.,  17:425-85. 

1921 

A  Bibliographic  Enumeration  of  Bornean  Plants.  Jour.  Straits  Branch  R. 

As.  Soc.,  Special  Number,  pp.  1-637. 
New  Philippine  Moraceae.  Phil.  Jour.  Sci.,  18:49-69. 
New  Philippine  Myrtaceae.  Phil.  Jour.  Sci.,  18:289-308. 
A  Review  of  the  New  Species  of  Plants  Proposed  by  N.  L.  Burman  in 

His  Flora  Indica.  Phil.  Jour.  Sci.,  19:329-88. 
Two  New  Species  of  Plants  from  Hainan.  Phil.  Jour.  Sci.,  19:677-79. 

1922 

Additions  to  Our  Knowledge  of  the  Bornean  Flora.  Phil.  Jour.  Sci.,  21 : 

5*5-34- 
The  Bureau  of  Science  and  the  Practical  Value  of  its  Work.  National 

Forum,  i  :20~33. 

Diagnoses  of  Hainan  Plants.  Phil.  Jour.  Sci.,  21 :337~55. 
New  or  Noteworthy  Bornean  Plants.  Part  I.  Jour.  Straits  Branch  R.  As. 

Soc.,  85:151-201;  Part  II.  Jour.  Straits  Branch  R.  As,  Soc.,  86:312-42. 
New  or  Noteworthy  Philippine  Plants,  XVII.  Phil.  Jour.  Sci.,  20:367-476. 
Notes  on  the  Flora  of  Southeastern  China.  Phil.  Jour.  Sci.,  21:491-513. 
Twentieth  Annual  Report  of  the  Bureau  of  Science,  Philippine  Islands, 

for  the  Year  Ending  Dec.  31,  1921.  83  pp.,  4  pis. 

1923 

Correctiones  ad  Elaeocarpus  Genus.  Fedde  Report.,  19:235. 

Diagnoses  of  Hainan  Plants,  II.  Phil.  Jour.  Sci.,  23:237-68. 

Die  pflanzengeographische  Scheidung  von  Formosa  und  den  Philippin.cn. 

Bot.  Jahrb.,  58:599-604. 
Distribution  of  the  Dipterocarpaceae.  Origin  and  Relationships  of  the 

Philippine  Flora  and  Causes  of  the  Differences  between  the  Floras  of 

Eastern  and  Western  Malaysia.  Phil.  Jour.  Sci.,  23:1-33,  pi.  1-8. 
An  Enumeration  of  Philippine  Flowering  Plants.  Bur.  Sci.  Publ.  Manila, 

No.  18.  Vol.  i,  vii+463  pp.  (1923-25);  vol.  2,  530  pp.  (1923);  vol.  3, 

628  pp.  (1923) ;  vol.  4,  515  pp.,  6  pis.,  3  figs.,  (1926). 
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New  or  Noteworthy  Bornean  Plants.  Part  III.  Jour.  Malay  Branch  R.  As. 

Soc.,  1:22-45. 

Sandoricum  Koetjape  and  Dendrobium  caninum.  Jour.  Bot.,  61 1172-74. 
Twenty-first  Annual  Report  of  the  Bureau  of  Science,  Philippine  Islands, 

for  the  Year  Ending  Dec.  31,  1922.  65  pp.,  2  pis. 

1924 
Bibliography  of  Polynesian  Botany.  Bull.  Bishop  Mus.,  13:1-68. 

The  Food  Problem  in  Malay  Land.  Mid-Pacific  Mag.,  28:547-54. 

New  Species  of  Plants  from  Indo-China.  Univ.  Calif.  Publ.  Bot.,  10:423-30. 

Plants  from  Banguey  Island.  Phil.  Jour.  ScL,  24:113-16. 

Report  of  the  Agricultural  Experiment  Station  of  the  University  of  Cali- 
fornia from  July  i,  1923,  to  June  30,  1924.  84  pp. 

With  H.  A.  Lee.  A  Consideration  of  the  Species  Citrus  maxima  (Burm.) 
Merrill.  Amer.  Jour.  Bot.,  11:382-84,  figs,  i,  2. 

1925 

Additions  to  Our  Knowledge  of  the  Flora  of  Hainan.  Jour.  Am.  Arb.,  6: 

129-40. 
Additions  to  Our  Knowledge  of  the  Philippine  Flora,  I.  Phil.  Jour.  ScL, 

26:447-96. 

An  Appeal  for  Simplified  Literature  Citations.  Science,  n.  s.,  62:419-20. 
Explanatory  Note.  Hilgardia  i  :i-ii. 

Five  New  Species  of  Chinese  Plants.  Phil.  Jour.  ScL,  27:161-66. 
New  Species  of  Philippine  Plants  Collected  by  A.  Loher.  Phil.  Jour.  ScL, 

27:21-59. 

1926 
Additions  to  Our  Knowledge  of  the  Bornean  Flora,  II.  Phil.  Jour.  ScL, 

30:79-87. 
Additions  to  Our  Knowledge  of  the  Philippine  Flora,  II.  Phil.  Jour.  ScL, 

29:475-96,  i  pi.;  III.  Phil,  Jour.  ScL,  30:389-430. 
Bibliography  of  Polynesian  Botany   (Abstract).  Proc.  Pan-Pacific  Sci. 

Congr.  (Australia),  1923,  1.329. 
The   Correlation   of   Biological   Distribution   with   Geological   History 

of  Malaysia.  Proc.  Pan-Pacific  Sci.  Congr.  (Australia),  1923,  2:1148-55, 

map. 

A  Discussion  and  Bibliography  of  Philippine  Flowering  Plants.  (Re- 
printed from  Enum.  Philip.  Fl.  PL,  vol.  4.)  P.  I.  Dept.  Agric.  Bur.  Sci. 

Pop.  Bull.,  2:1-239,  pi.  1-6. 
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An  Economical  Herbarium  Case.  Torreya,  26:50-54,  fig.  i,  2. 

An  Efficient  and  Economical  Herbarium  Paste.  Torreya,  26:63-65. 

The  Field  Label  in  Botanical  Exploration  Work  (Abstract).  Proc.  Pan- 

Pacific  Sci.  Congr.  (Australia),  1923,  1:321-22. 
The  Flora  of  Banguey  Island.  Phil  Jour.  Sci.,  29:341-429,  i  fig. 
Hugh  Cuming's  Letters  to  Sir  William  J.  Hooker.  Phil.  Jour.  Sci.,  30: 

153-85,  i  pi. 
The  Influence  of  the  Australian  Flora  on  the  Flora  of  the  Philippines, 

with  an  Explanation   of  the  Anomalous  Distribution  of  Australian 

Types  in  Malaysia  (Abstract)  .  Proc.  Pan-Pacific  Sci.  Congr.  (Australia), 

1923,  1:323-24. 
New  Species  of  Plants  from  Indo-China,  II.  Univ.  Calif.  Publ  Hot.,  13: 


Report  of  the  Agricultural  Experiment  Station  of  the   University   of 

California  from  July  i,  1924,  to  June  30,  1925.  78  pp. 
Report  of  the  Agricultural  Experiment   Station  of  the  University   of 

California  from  July  i,  1925  to  June  30,  1926.  102  pp. 
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Sci.  Jour.,  17:567-70,  pi.  24,  25. 

With  L.  M.  Perry.  The  Myrtaceae  of  China.  Jour.  Arn.  Arb.,  19:191-247. 
With  L.  M.  Perry.  On  the  Indo-Chinese  Species  of  Syzygium  Gacrtner. 

Jour.  Arn.  Arb.,  19:99-116. 
With  L.  M.  Perry.  A  Synopsis  of  Acmena  DC.,  a  Valid  Genus  of  the 

Myrtaceae.  Jour.  Arn.  Arb.,  19:1-20. 
With  E.  H.  Walker.  A  Bibliography  of  Eastern  Asiatic  Botany.  Jamaica 

Plain,  Mass.,  Arnold  Arboretum  of  Harvard  University.  xlii  +  7T9  pp., 

2  maps. 

1939 

Additional  Notes  on  Houttuyn's  Binomials.  Jour.  Arn.  Arb,,  20:264-68. 

The  Arnold  Arboretum  during  the  Fiscal  Year  Ended  June  30,  1939. 
Jour.  Arn.  Arb.,  20:446-62. 

Botanical  Collections,  Botanic  Garden,  Bussey  Institution,  Arnold  Ar- 

•  boretum,  Maria  Moors  Cabot  Foundation  for  Botanical  Research  (Re- 
ports for  1937-38).  OS.  Reg.  Harvard  Univ.,  36:350-54;  362-69;  380-82. 

The  Genesis  and  Development  of  the  Arnold  Arboretum.  Hillcrcst  Gar- 
dens. The  Thirtieth  Summer,  pp.  9-15. 

Index  Kewensis  in  Improved  Loose  Leaf  Ledger  Form.  Arn.  Arb,  Bull. 
Pop.  Inf.  IV.,  7:37-40,  pi.  6. 

A  New  Species  of  Byttneria  from  Mangareva.  Bishop  Mus.  Occ,  Pa.,  14: 
313-15,  i  fig. 

New  Sumatran  Plants,  IV.  Pa.  Mich.  Acad.  Sci.,  1938,  24(1) : 63-92. 

Plants  and  Civilization.  In:  Official  Program,  68th  Annual  Spring  Flower 
Show,  Massachusetts  Horticultural  Society,  pp.  43,  45,  47. 

Recent  Accessions  at  the  Arnold  Arboretum.  Harvard  Alumni  Bull,  41 : 
1002-4. 

Records  of  Indo-Chinese  Plants.  Jour.  Arn.  Arb.,  20:346-55. 

Two  New  Species  of  Opposite-Leaved  Ilex  from  Borneo.  Jour.  Arn.  Arb., 
20:222-24. 

William  Henry  Brown.  Science  n.s.,  90:531-32. 

With  L.  M.  Perry.  Additional  Notes  on  Chinese  Myrtaceae.  Jour,  Arn. 
Arb.,  20:102-3. 
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With  L.  M.  Perry.  The  Myrtaceous  Genus  Syzygium  Gaertner  in  Borneo. 

Mem.  Amer.  Acad.  Arts  Sci.,  18:135-202;  reprinted  Mem.  Gray  Herb. 

Harvard  Univ.,  4:135-202. 
With  L.  M.  Perry.  On  Certain  Malaysian  Species  of  Meliosma  Blume. 

Jour.  Arn.  Arb.,  20:356-60. 
With  L.  M.  Perry.  On  the  Brass  Collections  of  Pandanaceae  from  New 

Guinea.  Jour.  Arn.  Arb.,  20:139-186,  pis.  i,  2. 
With  L.  M.  Perry.  Plantae  papuanae  Archboldianae,  L  Jour.  Arn.  Arb., 

20:324-45. 

1940 

Acacias.  In:  Official  Program,  6<)th  Annual  New  England  Spring  Flower 
Show,  Massachusetts  Horticultural  Society,  pp.  20-21,  23. 

The  Arnold  Arboretum  during  the  Fiscal  Year  Ended  June  30,  1940.  Jour. 
Arn.  Arb.,  21  ,-528-43. 

The  Atkins  Institution  of  the  Arnold  Arboretum,  Soledad,  Cienfuegos, 
Cuba.  Arn.  Arb.  Bull.  Pap.  Inf.  IV.,  8:65-74,  pi.  8-10;  abridgment,  Parks 
and  Recreation,  24:246-51,  2  figs.  (1941). 

Botanical  Collections,  Botanic  Garden,  Bussey  Institution,  Arnold  Ar- 
boretum, Maria  Moors  Cabot  Foundation  for  Botanical  Research  (Re- 
ports for  1938-39).  Off.  Reg.  Harvard  Univ.,  37:385-89;  398-406;  421-22. 

Botanical  Results  of  the  George  Vanderbilt  Suniatran  Expedition,  1939. 
Plants  from  Mt.  Loser.  Not.  Nat.,  47:1-9. 

Homonoia  Loureiro  (1790)  and  Lasiococca  Hooker  £  (1887).  Lingnan 
Sci,  Jour.,  19:187-89. 

Review  of  Maize  and  Its  Origin.  Geog.  Rev.,  30  :ij2-j%. 

The  Ochnaceous  Genus  Capusia  H.  Lecomte  (1926),  a  Synonym  of  the 
Cclastraceous  Siphonodon  Griffith  (1844).  Jour.  Arn.  Arb.,  21:108-9. 

Review  of  The  Origin  and  Evolution  of  Mediterranean  Agriculture.  Geog. 
Rev.,  30:688. 

Records  of  Indo-Chinese  plants,  II.  Jour.  Arn.  Arb.,  21:364-91. 

A  Revised  List  of  Hainan  Myrtaceae.  Lingnan  Sci.  Jour.,  19:183-85. 

With  W.  Y.  Chun.  Additions  to  Our  Knowledge  of  the  Hainan  Flora, 
III.  Sunyatsenia,  5:1-200,  pi.  1-28,  fig.  1-22. 

With  F.  L.  Freeman.  The  Old  World  Species  of  the  Celastraceous  Genus 
Microtropis  Wallich.  Proc.  Amer.  Acad.  Arts  Sci.,  73:271-310;  reprinted 
Mem.  Gray  Herb.  Harvard  Univ.,  5:271-310. 

With  L.  M.  Perry.  A  New  Philippine  Isoetes.  Amer.  Fern  Jour.,  30:18-20, 
2  figs. 
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With  L.  M.  Perry.  Plantae  papuanae  Archboldianae,  II.  Jour.  Am.  Arb,, 
21:163-200,  pi.  i;  III.  Jour.  Am.  Arb.,  21:292-327,  fig.  i;  IV.  Jour.  Arn. 
Arb.,  21:511-27. 

1941 

The  Arnold  Arboretum  during  the  Fiscal  Year  Ended  June  30,  1941.  Jour. 
Arn.  Arb.,  22:582-97. 

Botanical  Collections,  Botanic  Garden,  Bussey  Institution,  Arnold  Arbo- 
retum, Maria  Moors  Cabot  Foundation  for  Botanical  Research  (Reports 
for  1939-40).  Off.  Reg.  Harvard  Univ.,  38:1-40. 

The  Herb  Garden  at  the  Harvard  Botanic  Garden.  Herbarist,  7:36,  2  figs. 

Man's  Influence  on  the  Vegetation  of  Polynesia,  with  Special  Reference 
to  Introduced  Species.  Proc.  Sixth  Pacific  Sci*  Congr.,  4:629-39. 

A  New  Species  of  Premna  from  the  Philippines.  Phytologia,  2:5-6. 

A  Note  on  the  Dates  of  Issue  of  the  Fascicles  Comprising  Cosson's  Illtts- 
trationes  florae  Atlanticae,  1882-1897.  Jour,  Arn.  Arb.,  22:455-56, 

A  Note  on  the  Dates  of  Publication  of  Wight's  Icones  Plantar  urn  Indiac 
orientalis.  Jour.  Arn.  Arb.,  22:222-24. 

A  Simple  Change  in  Name.  Arnoldia,  i  :i-2. 

The  Upper  Burma  Plants  Collected  by  Captain  F.  Kingdon  Ward  on 
the  Vernay-Cutting  Expedition,  1938-39.  Brittonia,  4:20-188,  3  figs. 

With  L.  M,  Perry,  Observations  on  the  Old  World  Species  of  Turpinia 
Ventenat.  Jour.  Arn.  Arb.,  22:543-55. 

With  L.  M.  Perry.  Plantae  papuanae  Archboldianae,  V.  Jour.  Arn.  Arb., 
22:32-59;  VI.  Jour.  Arn.  Arb.,  22:253-70;  VII.  Jour.  Arn.  Arb.,  22:375- 
88;  VIII.  Jour.  Arn.  Arb.,  22:529-42. 

With  L.  M.  Perry.  A  Summary  of  Kentochrosia  Lauterbach  and  Schu- 
mann. Phil.  Jour.  Sci.,  76:19-21. 

1942 

American  Weeds  in  the  Old  World  Tropics.  Amer.  Jour.  Bot.,  29,  Suppl. 
i4's. 

The  Arnold  Arboretum  during  the  Fiscal  Year  Ended  June  30,  1942. 
Jour.  Arn.  Arb.,  23:509-21. 

Botanical  Collections,  Botanic  Garden,  Bussey  Institution,  Arnold  Arbo- 
retum, Maria  Moors  Cabot  Foundation  for  Botanical  Research  (Reports 
for  1940-41).  Off.  Reg.  Harvard  Univ.,  39:1-44. 

Review  of  The  Flora  of  Fufyien  Province,  China.  Science,  n.  $.,  96:232-33. 

Review  of  The  Flora  of  the  Hawaiian  Islands  and  the  History  of  the 
Pacific  Basin.  Geog.  Rev.,  32:171-72. 
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A   Generally  Overlooked  Rafinesque  Paper.  Proc.  Amer.  Philos.  Soc., 

86 172-90. 
Microfilm  Records  of  the  Linnean  Society  of  London.  Science,  n.  s.,  96: 

352~53- 
Modern  Facsimile  Reproduction  of  Rare  Technical  Publications.  Science, 

n.  s.,  96:180-81. 
Las  plantas  domesticas  y  sus  relaciones  con  la  civilizacion.  Trans,  by 

Judith  Rubenstein.  Rev.  Argentina  Agron.,  9:265-83. 
Razumovia  Sprengel  versus  Centranthera  R.  Brown  again.  In:  Calcutta 

Royal  Botanical  Garden,  i50th  Anniversary  volume,  pp.  53-58. 
Records  of  Indo-Chinese  plants,  III.  Jour.  Arn.  Arb.,  23:156-97. 
Sargentia :  A  Word  of  Explanation.  Sargcntia,  i  :iii-iv. 
Some  Aspects  of  Rafinesque's  Botanical  Work.  Amer.  Jour.  Bot.,  29, 

Suppl.  135-148. 
With  F.  P.  Metcalf.  Hedyotis  Linnaeus  versus  Oldenlandia  Linnaeus  and 

the  Status  of  Hedyotis  lancea  Thunberg  in  Relation  to  H.  consanguinca 

Hance.  Jour.  Arn.  Arb.,  23:226-30,  i  pi. 
With  L.  M.  Perry.  Pandanaccae  and  Myrtaceae.  In:  A.  C.  Smith,  Fijian 

plant  studies  IL  Sargentia,  1:4-5;  74-78. 
With  L.  M.  Perry.  Plantae  papuanac  Archbolclianae,  IX.  Jour.  Arn.  Arb., 

23:233-65;  267-97;  X.  Jour.  Arn.  Arb.,  23:383-416. 

*943 

The  Arnold  Arboretum  during  the  Fiscal  Year  Ended  June  30, 1943.  Jour. 
Arn.  Arb.,  24:488-97. 

An  Attempt  to  Complete  the  Record.  Brittonia,  5  .'25-32. 

Botanical  Collections,  Botanic  Garden,  Bussey  Institution,  Arnold  Arbo- 
retum, Maria  Moors  Cabot  Foundation  for  Botanical  Research  (Reports 
for  1941-42).  Off.  Reg.  Harvard  Univ.,  40:1-45. 

Botanical  Survey  of  the  Alcan  Highway.  Science,  n.  s.,  97:574. 

Destruction  of  the  Berlin  Herbarium.  Science,  n.  s.,  98:490-91. 

Emergency  Food  Plant  Manuals.  In:  Official  Program,  J2nd  Annual  New 
England  Spring  Flower  Show,  Massachusetts  Horticultural  Society,  pp. 

32,  33.  35>  3%  38>  *  fig- 
Emergency  Food  Plants  and  Poisonous  Plants  of  the  Islands  of  the 

Pacific.  War  Dept.  Tech.  Man.,  10-420.  v  +  i49  pp.,  113  figs. 
Figments  of  the  Imagination.  Science,  n.  s.,  97:41-42. 
Foreword  to:  An  Introduction  to  Historical  Plant  Geography,  by  E.  V. 

Wulff.  pp.  vii-viii. 
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An  Index  to  Rafinesque's  Published  Technical  Names  for  the  Cellular 

Cryptogams.  Farlowia,  1 1245-62. 
Microfilm  Records  of  the  Linnean  Collections  and  Manuscripts.  Science, 

n.  s.,  97:110. 
New  Names  for  Ferns  and  Fern  Allies  Proposed  by  C.  S.  Rafincsquc, 

1806-1838.  Amer.  Fern  Jour.,  33:41-56;  97-105. 
Rafinesque's  Publications  from  the  Standpoint  of  World  Botany.  Proc. 

Amer.  Philos.  Soc,  87:110-19. 
Report  of  the  Exhibition  Committee.  In:  /p^j  Year  Boo{  Massachusetts 

Horticultural  Society,  pp.  52-56. 

Some  Economic  Aspects  of  Taxonomy,  Torreya,  43:50-64. 
The  Vegetation  of  Malaysia.  Far  Eastern  Quarterly,  2:66-76. 
With  L.  Chen.  The  Chinese  and  Indo-Chinese  Species  of  Ormosia.  Sur- 

gentia,  3:77-117. 
With  L.  M.  Perry.  Plantae  papuanae  Archboldianac,  XL  Jour.  Am.  Arb., 

23:34-59,  figs.  1-7;  XII,  Jour.  Arn.  Arb.,  24:207-17;  XIII,  Jour.  Am. 

Arb.,  24 :422~39. 

1944 

The  Arnold  Arboretum  during  the  Fiscal  Year  Ended  June  30,  1944. 
Jour.  Arn.  Arb.,  25:488-500. 

Botanical  Collections,  Botanic  Garden,  Busscy  Institution,  Arnold  Arbo- 
retum, Maria  Moors  Cabot  Foundation  for  Botanical  Research  (Annual 
Reports,  1942-43).  Off.  Reg.  Harvard  Univ.,  41:1-41. 

Review  of  A  Catalogue  of  Vascular  Plants  [of  S.  Tome").  Science,  n.  s., 
100:521-22. 

Dermatitis  Caused  by  Various  Representatives  of  the  Anacardiaceae  in 
Tropical  Countries.  Jour.  Amer.  Med.  Assn.,  124:222-24. 

Emergency  Food  Manuals.  Arnoldia,  4:29-36,  pi.  3-5. 

Foreword  to  Rafinesque's  A  Life  of  Travels.  Chron.  Rot,  8 1292-97,  pis.  5,  6. 

Plants.  In:  The  Pacific  World,  ed.  by  F.  Osborn,  pp.  94-102. 

With  L.  M.  Perry.  Plantae  papuanae  Archboldianac,  XIV.  Jour,  Arn. 
Arb.,  25:183-205. 

1945 

The  Arnold  Arboretum  and  Its  Work.  Jamaica  Plain,  Mass.,  April  Un- 
paged folder  (6  p.) . 

The  Arnold  Arboretum  during  the  Fiscal  Year  Ended  June  30, 1945.  Jour. 
Arn.  Arb.,  26:  484-98. 
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Begonia  in  the  Pacific  Islands.  Begonian,  12:83,  97. 

Botanical  Collections,  Botanic  Garden,  Bussey  Institution,  Arnold  Arbo- 

retum, Maria  Moors  Cabot  Foundation  for  Botanical  Research  (Annual 

Reports  1943-44).  Off.  Reg.  Harvard  Univ.,  42:1-37. 
Contact  Poison  Plants  in  the  Old  World  Tropics.  U.  S.  Army  Med.  Dept., 

Bull,  87:115-17. 

Destruction  of  the  Bureau  of  Science  at  Manila.  Science,  n.  s.,  101:401. 
Emergency  Food  Manuals.  Chron.  Bot.,  9:174-76,  2  pis. 
Fern  Names  in  Bartram's  Travels,  1791.  Amer.  Fern  Jour.,  35:23-25. 
Review  of  Foundations  of  Plant  Geography.  Sci.  Mo.,  60  76. 
In  Defense  of  the  Validity  of  William  Bartram's  Binomials.  Bartonia, 


Review  of  Men  of  Science  in  America.  Jour.  N.  Y.  Bot.  Card.,  46:203-4. 
Notes  on  Russian  and  Other  European  Herbaria.  Science,  n.  s.>  101  1355. 
Ochrocarpos  odoratus  (Rafinesque)  Merrill,  a  New  Name  for  a  Much 

Named  Species,  with  a  New  Species  from  Samoa.  Jour.  Arn.  Arb.,  26: 

93-96,  i  fig, 
On  the  Underground  Parts  of  Tacca  pinnatifida  J.  R.  &  G.  Forst  (1776) 

=Tacca  leontopetaloides  (Linn.)  O.  Kuntze.  Jour.  Arn.  Arb.,  26:85-92, 

pi.  i,  2. 
The  Philippines  as  a  Source  of  Orchids.  Amer.  Orchid  Soc.  Bull.,,  13:328- 

34:  fig"  4* 

Review  of  The  Phytogcographic  Divisions  of  China,  with  Special  Refer- 

ence to  the  Araliaceae.  Geog.  Rev.,  35:691. 
Plant  Life  of  the  Pacific  World.  New  York,  Macmillan.  xv+295  pp., 

256  figs.  Fighting  Forces  edition,  Washington,  D.  C.,  Infantry  Journal, 

xviii+298  pp.,  256  figs. 
Report  of  the  President.  In:  Proceedings  of  the  Seventh  Annual  Meeting 

of  the  Fairchild  Tropical  Garden,  Feb.  21,  1945,  pp.  7-9. 
Report  on  Progress  Index  Rafinesquianus.  Yearb.  Arner.  Philos.  Soc., 

1944,  pp.  172-73. 

Sir  David  Praia  (1857-1944).  Yearb.  Amer.  Philos.  Soc.,  1944,  pp.  379-83. 
Two  New  Species  from  the  Vicinity  of  Hongkong.  Jour.  Arn,  Arb.,  26: 

163-67,  fig.  1-3. 
With  F.  P.  Metcalf.  Records  of  Monocotyledonous  Plants  New  to  the 

Flora  of  Hainan.  Lingnan  Sci.  Jour.,  21  :i-i4. 
With  L.  M.  Perry.  Plantae  papuanae  Archboldianae,  XV.  Jour.  Arn.  Arb., 

26:1-36,  pi.  i;  XVI.  Jour,  Arn.  Arb.?  26:229-66,  fig.  i-u, 


328  BIOGRAPHICAL    MEMOIRS 

1946 

The  Amos  Eaton  Herbarium.  Rhodora,  48:201-5. 

The  Arnold  Arboretum  during  the  Fiscal  Year  Ended  June  30,  1946.  Jour. 
Arn.  Arb.,  27:486-509. 

The  Arnold  Arboretum,  Harvard  University,  Jamaica  Plain,  Massachu- 
setts. In:  The  Garden  Club  of  America  Programme  Annual  Meeting 
May  14,  15,  16,  pp.  23-27,  illus. 

The  Arnold  Arboretum,  Harvard  University,  Jamaica  Plain,  Massachu- 
setts. Bull.  Garden  Club  of  America  S  10,  7:9-13. 

Botanical  Collections,  Botanic  Garden,  Bussey  Institution,  Arnold  Arbo- 
retum, Maria  Moors  Cabot  Foundation  for  Botanical  Research  (Reports 
for  1944-1945).  Off.  Reg.  Harvard  Univ.  Reprint,  pp.  1-28. 

Dr.  Thomas  Barbour.  Amer.  Nat.,  80:214-16,  port. 

Further  Notes  on  Tobacco  in  New  Guinea.  Amcr.  AnthropoL,  48 :22~30. 

A  Mindoro  Fern  Adventure.  Amer.  Fern  Jour.,  36:33-47,  i  fig. 

With  L.  M.  Perry.  Plantae  papuanae  Archboldianac,  XVII,  Jour.  Arn. 
Arb.,  27:193-233. 

Report  of  the  Committee  on  Exhibitions.  Yearbook  Massachusetts  Horti- 
cultural Society,  1946,  pp.  45-49. 

Report  of  the  President.  Proceedings  Eighth  Annual  Meeting,  Fairchild 
Tropical  Garden,  pp.  6-8. 

With  L.  M.  Perry.  Some  Additional  Records  for  the  Guam  Flora.  Jour. 
Arn.  Arb.,  27:323-25. 

With  others.  Thomas  Barbour.  Harvard  University  Gazette,  41 1135, 

Thomas  Barbour.  Jour.  Wash.  Acad.  ScL,  36:283-84. 

1947 

An  Amateur  Bryologist's  Observations  on  the  Philippine  Moss  Flora. 

Bryologist,  50:4-13. 
A  Botanical  Bibliography  of  the  Islands  of  the  Pacific.  Contr.  U.  S.  Nat. 

Herb.,  30:1-322. 
Foreword  to:  Results  of  the  First  Thirty  Years  of  Experimentation  in 

Silviculture  in  the  Harvard  Forest f  /poS-ip^S.  Harvard  Forest  Bulletin, 

23:5-8. 
With  L.  M,  Perry.  Kajewskiella,  a  New  Rubiaceous  Genus  from  the 

Solomon  Islands.  Jour.  Arn.  Arb.,  28:331-32,  i  pi. 
Metasequoia,  a  Living  Relict  of  a  Fossil  Genus.  Jour.  Roy.  Hort.  Soc., 

73:211-16,  figs.  87,  88,  map. 
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With  J.  R.  Reeder.  New  Plant  Names  Published  by  Amos  Eaton  be- 
tween the  Years  1,817  and  I^4°-  Bartonia,  24:26-79. 

Notes  on  the  Dates  of  Issue  of  Desvaux's  Journal  de  Botanique.  Jour. 
Am.  Arb.,  28:247-50. 

On  the  Identity  of  Brandisia  Souliei  Bonati.  Jour.  Arn.  Arb.,  28:251-52. 

With  N.  Y.  Sandwith.  On  the  Identity  of  the  Genera  Cupulissa  Raf.  and 
Platolaria  Raf.  Jour.  Arn.  Arb.,  28:430-34. 

The  Technical  Names  of  Allspice.  Contrib.  Gray  Herb.,  165:30-38,  i  fig. 

Unlisted  Pteridophyte  Binomials  in  Eaton's  Manual  of  Botany.  Amcr. 
Fern  Jour.,  37:6-10. 

1948 

Alfred  Rehder,  One  of  This  Country's  Foremost  Horticulturists.  Green 

Thumb,  5(7):io-n. 

C.  S.  Rafinesque,  with  Notes  on  His  Publications  in  the  Harvard  Libra- 
ries. Harvard  Library  Bulletin,  2:5-21. 
Cooperative  Botanical  Exploration  in  Eastern  Asia.  Science  Counselor, 

11:15,  16,35,36. 

A  Living  Metasequoia  in  China.  Science,  n.  s.,  107:140. 
Metasequoia,  Another  "Living  Fossil."  Arnoldia,  8:1-8,  pis.  i,  2,  fig.  3. 
Neolitsea  (Bentham)  Merrill,  Nomen  Conservandum  Propositum.  Jour. 

Arn.  Arb.,  29:198-200. 
Nomenclatural  Notes  on  Rafinesque's  Published  Papers,  1804-1840.  Jour. 

Arn.  Arb.,  29:202-14. 

Note  on  Philip  Miller's  Binomials.  Jour.  Arn,  Arb.,  29:242-44. 
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SILAS  WEIR  MITCHELL 

February  15,  1829 — January  4, 

BY  PERCIVAL  BAILEY 


SILAS  WEIR  MITCHELL  was  born  in  Philadelphia  on  February  15, 
1829.  His  father,  John  Kearsley  Mitchell,,  was  the  son  of  a 
Scotch  immigrant  and  his  mother,  Sarah  Matilda  Henry,  was  the 
daughter  of  a  prosperous  merchant  with  wealthy  relatives  in  Eng- 
land who  were  later  of  great  assistance  to  the  family. 

John  Kearsley  Mitchell  was  a  physician  with  a  successful  practice 
and,  as  was  customary  in  those  days,  if  one  wanted  to  be  considered 
a  leader  in  the  profession,  taught  chemistry  in  the  Philadelphia  Medi- 
cal Institute.  He  made  some  creditable  contributions  to  osmosis  and 
to  the  liquification  and  solidification  of  carbonic  acid,  and  wrote  an 
original  dissertation  on  the  neurotic  spinal  atrophies.  He  wrote 
poetry,  some  of  which  was  praised  by  Edgar  Allan  Poe,  and  was 
much  addicted  to  literary  societies.  He  was  also  very  fond  of  the  out 
of  doors.  A  cheerful,  sociable  person,  he  was  universally  liked.  He 
drove  himself  unmercifully  at  his  varied  interests;  his  health  failed 
early,  and  he  died  in  1858,  just  as  Weir  was  trying  to  establish  him- 
self in  practice. 

Weir  was  the  third  of  nine  children,  a  noisy  turbulent  crew,  who 
entered  into  all  the  activities  of  their  father  and  became  easily  ac- 
customed to  the  distinguished  guests  who  frequented  their  home. 
They  were  very  fond  of  their  father,  who  could  still  their  noise  with 
a  word. 

A  lanky,  lackadaisical  boy,  dreamy  and,  later,  diffident,  Weir  was 
usually  to  be  found  lying  on  his  stomach  reading  anything  that  came 
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into  his  hands,  but  mostly  fiction.  His  mother  finally  burned  the 
Arabian  Nights  from  despair  that  he  would  ever  study  as  long  as 
he  could  gain  access  to  it.  He  was  usually  in  trouble  at  the  various 
schools  which  he  attended.  The  masters  in  those  days  were  rather 
brutal,  and  Weir  tells  how,  years  afterward,  he  could  never  meet  one 
of  them  without  terror.  This  life  continued  until  he  was  sixteen, 
when  he  began  to  spit  blood.  His  father  then  purchased  a  boat  for 
him  and  encouraged  him  to  spend  more  time  out  of  doors. 

Weir  was  slow  in  deciding  on  a  vocation.  His  father  suggested  that 
he  enter  the  mercantile  life.  His  mother's  cousin,  a  merchant  in 
Manchester,  England,  proposed  to  take  him  into  his  firm  and  make 
him  his  heir,  but  died  before  the  plan  could  be  carried  out.  At  last 
Weir  decided  to  be  a  doctor,  much  to  the  disgust  of  his  father,  who 
remarked  that  he  had  brains  enough  but  no  industry.  The  outlook 
was  not  bright.  After  he  had  acquired  the  boat,  he  used  to  lie  in  it  for 
hours,  dreaming  and  writing  poetry  and  tales. 

Having  made  up  his  mind,  he  entered  Jefferson  Medical  College. 
It  was  very  hard  for  him,  since  he  had  not  learned  to  study.  He  used 
to  fall  asleep  over  the  bones  and  had  to  drink  much  strong  coffee  in 
order  to  keep  awake.  Moreover,  he  loathed  blood  and  fainted  re- 
peatedly at  operations.  He  fell  severely  ill  of  jaundice  and  it  was  four 
years  before  he  completed  his  medical  studies,  in  1850. 

Meanwhile,  the  only  subject  which  had  interested  him  was  physi- 
ology. He  made  up  his  mind  to  obtain  a  chair  in  one  of  the  medical 
schools.  Always  rather  smug  and  self-satisfied,  he  found  it  a  great 
blow  when  he  failed  to  obtain  the  post  he  coveted,  in  spite  of  his 
abilities,  accomplishments,  and  undoubted  political  skill. 

Although  his  father's  health  was  failing,  it  was  possible  for  Weir, 
with  financial  assistance  from  his  mother's  cousin,  to  go  abroad  for 
further  study.  After  a  brief  stay  in  London  he  went  on  to  Paris,  then 
the  Mecca  of  American  physicians.  Here  he  came  under  the  spell  of 
Claude  Bernard,  who  made  a  remark  which  greatly  influenced  his 
later  career.  Weir  had  said  that  he  thought  something  must  be  so. 
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"Why  think,"  replied  Bernard,  "when  you  can  experiment?  Exhaust 
experiment  and  then  think." 

As  soon  as  he  entered  the  wards  of  the  hospital,  he  caught  small- 
pox and  was  very  ill.  His  older  sister  Elizabeth  came  to  Paris  and 
took  him  on  a  trip  to  Italy  to  recuperate.  His  request  to  resume  his 
interrupted  studies  in  Paris  was  refused  because  of  his  father's  decline 
in  health,  and  he  was  obliged  to  return  home  and  help  his  father 
with  his  practice.  Although  his  father  wanted  him  to  become  a 
surgeon,  and  Weir  had  taken  courses  in  that  subject  in  Paris,  he 
found  it  distasteful  and  turned  to  internal  medicine.  He  wanted  to 
become  an  interne  at  the  Pennsylvania  Hospital,  but  was  never  ac- 
cepted because  his  father  had  some  dispute  with  the  Trustees.  He  did 
some  teaching,  but  was  a  poor  lecturer.  He  applied  for  the  chair  of 
physiology  at  Jefferson,  but  failed  to  obtain  it. 

His  talents  and  interests  had  been  turned  by  Bernard  toward 
experimentation,  his  principal  interests  being  in  the  field  of  toxicol- 
ogy. When  lecturing  in  the  summer  school  on  animal  poisons,  he 
had  been  intrigued  by  a  remark  of  one  of  his  auditors,  W.  A.  Ham- 
mond, later  Surgeon  General  of  the  Army,  concerning  an  antidote 
for  snake  bite  which  he  had  heard  of  in  Texas.  While  he  was  turning 
this  over  in  his  mind,  a  man  came  to  his  door  with  some  rattlesnakes 
which  he  wished  to  sell.  He  immediately  launched,  with  the  assist- 
ance of  Hammond  and  the  advice  of  Edward  T.  Reichcrt,  Professor 
of  Physiology  in  the  University  of  Pennsylvania,  upon  a  long  experi- 
mental study  of  snake  venom,  which  taxed  his  strength  and  resources 
to  their  limits,  since  heavy  family  burdens  had  fallen  onto  his 
shoulders  at  the  death  of  his  father  after  a  series  of  strokes.  Their 
combined  practice  dropped  off  to  a  third  of  its  former  volume  and 
picked  up  slowly.  Fortunately,  his  English  relatives  came  to  his  aid 
again  and  made  a  substantial  allowance  to  the  family  for  several 
years.  This  allowed  him  to  marry  Mary  Middleton  Elwyn,  but  for 
many  years  the  burden  which  he  carried  was  very  heavy.  Neverthe- 
less, he  tenaciously  carried  on  his  experimental  studies,  in  spite  of 
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the  advice  of  his  colleagues  that  a  reputation  as  a  scientist  would 
harm  his  practice. 

Busy  with  his  experiments,  his  teaching,  his  practice,  and  his 
family  responsibilities.,  the  years  passed  by  until  1862.  His  reputation 
grew.  He  was  made  an  honorary  corresponding  member  of  the 
British  Medical  Society.  His  researches  on  the  venom  of  the  rattle- 
snake attracted  much  attention  abroad,  and  Oliver  Wendell  Holmes 
sent  him  a  copy  of  Elsie  Venner  with  the  remark  that  it  might  in- 
terest him  because  it  was  a  little  bit  rattlesnaky.  His  responsibilities 
had  sobered  him;  he  got  his  irascible  temper  under  control;  he  de- 
veloped an  affability  tempered  by  a  certain  austerity.  He  made  many 
friends — Hammond,  Billings,  Keen,  Da  Costa,  Phillips  Brooks — and 
his  life  had  begun  to  run  in  the  smooth  groove  of  a  successful  practi- 
tioner when  John  Brown's  Raid  led  him  into  an  experience  which 
was  to  color  his  entire  subsequent  existence.  About  this  time  his  wife 
died  of  diphtheria  and,  although  his  mother  and  his  sister  Elizabeth 
took  over  the  care  of  his  family,  he  was  very  lonely  and  plunged 
desperately  into  the  work  of  the  army. 

Because  of  his  heavy  family  responsibilities,  he  did  not  become  a 
surgeon  with  the  army,  but  took  charge  of  the  Turner's  Lane  Mili- 
tary Hospital  near  Philadelphia  in  which,  because  of  his  interest, 
the  Surgeon  General  concentrated  all  of  the  injuries  of  nerves.  These 
cases  Weir  studied  assiduously  with  W.  W.  Keen  and  Morehouse. 
Together  with  his  growing  practice,  these  clinical  responsibilities 
took  all  his  time  and  energy.  His  experimental  studies  ceased,  but  he 
interested  a  young  Japanese  physician  named  Noguchi  in  them  and 
continued  to  devote  interest  and  financial  support  to  the  study  of 
animal  poisons. 

The  results  of  this  study  of  wounds  of  the  peripheral  nerves  were 
embodied  in  a  monograph  written  with  Keen  and  Morehouse,  which 
remained  the  classic  on  the  subject  until  the  First  World  War. 
Mitchell  wrote  many  other  articles  and  pamphlets  of  permanent 
value  on  his  experiences  with  lesions  of  the  nervous  system,  of  which 
might  be  mentioned  his  description  of  a  painful  syndrome  which  he 
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named  causalgia.  These  studies  permanently  altered  the  nature  of 
his  medical  practice.  He  became  a  consultant  in  nervous  diseases,  the 
most  eminent  and  probably  the  greatest  that  this  country  has  pro- 
duced. In  the  postwar  period  his  reputation  became  world- wide;  he 
was  made  an  honorary  or  corresponding  member  of  many  foreign 
societies.  He  was  happy  with  the  respect  of  his  colleagues  and  friends 
until,,  in  1872,  his  mother  died,  followed  two  years  later  by  his  sister 
Elizabeth.  He  could  not  tolerate  the  loneliness.  In  1875  IIG  married 
Mary  Cadwalader.  She  proved  a  perfect  helpmate,  and  their  daughter 
added  the  patter  of  little  feet  to  his  household. 

As  his  practice  grew,  he  had  a  great  number  of  patients  who  suf- 
fered from  "nerves"  but  had  no  organic  lesions  of  their  nervous 
systems.  In  the  rapid  expansion  of  the  economy  following  the  war, 
many  patients,  especially  women,  found  themselves  with  much 
money,  but  without  the  talents  to  find  occupations  for  themselves. 
Mitchell  became  very  much  interested  in  them  and  in  what  might  be 
done  for  them. 

This  led  him  into  two  lines  of  endeavor:  serious  scientific  studies 
of  neurotic  patients,  and  literary  portrayals  of  their  characters.  From 
boyhood  he  had  been,  like  his  father,  interested  in  writing  but,  ex- 
cept for  anonymous  poetry,  had  held  this  desire  in  check,  on  the 
advice  of  his  friends  that  a  reputation  as  a  writer  would  injure  his 
practice.  Now  he  felt  sufficiently  secure  to  indulge  openly  in  this 
passion.  The  result  was  a  series  of  seventeen  novels  which,  whatever 
their  merit  as  literature,  contain  vivid  pictures  of  pathological  char- 
acters. One  of  them,  Hugh  Wynne,  Free  Quaker,  has  for  long  been 
considered  the  most  accurate  picture  ever  written  of  Philadelphia 
at  the  time  of  the  Revolution,  and  is  standard  reading  in  American 
literature  courses.  Its  historical  accuracy  has  been  abundantly  proven. 

For  the  understanding  of  neurotic  patients,  Weir  Mitchell  had 
serious  handicaps.  He  was  a  patrician,  with  all  the  prejudices  and 
inhibitions  of  that  status  in  a  Quaker  environment.  His  studies  give 
the  impression  today  of  being  quite  superficial.  However,  for  their 
time  they  were  useful.  His  rest  cure  became  very  popular  throughout 


SILAS   WEIR    MITCHELL  339 

the  world  and  his  books  Wear  and  Tear  and  Fat  and  Blood  went 
through  many  editions.  His  main  contribution,  perhaps,  was  to  per- 
suade physicians  to  give  up  treating  these  conditions  with  drugs. 
He  demonstrated  that  better  results  could  be  obtained  by  nonmedici- 
nal  treatments,  such  as  rest,  isolation,  overfeeding,  and  massage.  Of 
course,  he  was  accused  of  being  a  charlatan,  especially  since  his  prac- 
tice increased  by  leaps  and  bounds. 

In  spite  of  criticism,  Mitchell  continued  upon  his  way.  His  prestige, 
coupled  with  a  certain  arrogance  and  lack  of  humor,  enabled  him 
to  get  many  things  clone  which  were  to  the  advantage  of  medicine. 
He  tangled  with  the  Catholic  Church,  but  was  able  to  force  the 
sisters  to  wear  suitable  dress  in  the  operating  room.  He  harassed  his 
colleagues  until  he  got  a  new  building  for  the  College  of  Physicians. 
He  was  instrumental  in  establishing  the  Franklin  Club.  He  served 
for  many  years  as  a  trustee  of  the  University  of  Pennsylvania. 

His  literary  pursuits  brought  him  many  friends — notably  Oliver 
Wendell  Holmes,  James  Russell  Lowell,  and  William  Osier.  He  was 
given  honorary  degrees  by  Harvard,  Edinburgh,  Princeton,  and 
Toronto.  He  was  commissioned  to  represent  the  Smithsonian  Insti- 
tution and  the  National  Academy  of  Sciences  (to  which  he  had  been 
elected  in  1865)  at  the  Eight  Hundredth  Anniversary  of  the  Uni- 
versity of  Bologna.  His  summers  he  spent  at  Little  Boar's  Head  on 
the  Maine  coast,  with  frequent  fishing  forays  farther  afield.  Secure 
in  his  fame,  his  practice,  his  family,  and  his  friends,  he  reached 
nearly  the  end  of  the  nineteenth  century  when,  in  1898,  fate  struck 
him  a  heavy  blow.  His  daughter  died  of  the  same  disease  which  had 
taken  his  first  wife. 

Mitchell  continued  to  work,  to  write,  and  to  live  much  as  before, 
but  the  zest  of  life  was  gone.  He  became  somewhat  irritable,  dicta- 
torial, and  dogmatic.  His  trials  were  increased  in  1906  when  a  large 
trust  company,  of  which  he  was  a  director,  failed.  To  repair  the 
damage  he  pledged  a  large  part  of  his  fortune.  He  was  much  encour- 
aged during  this  period  by  the  faithfulness  of  his  friends.  Also,  his 
son,  an  able  physician,  remained  by  his  side,  refusing  the  offers  of 
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responsible  positions  elsewhere.  Mitchell's  eightieth  birthday  was 
happily  celebrated.  More  honors  were  showered  upon  him  and  then, 
swiftly,  came  the  end.  He  fell  ill  of  influenza  and  died  on  January  4, 
1914. 

Knowing  how  deeply  the  tragedy  of  the  Civil  War  had  affected 
him,  one  can  only  rejoice  that  he  was  spared  the  agony  of  the  First 
World  War.  With  him  passed  a  gracious  epoch  in  the  history  of  our 
country,  of  which  he  is  a  principal  ornament. 
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HENRY  NORRIS  RUSSELL 

October  25,  1877— February  iS,  1957 

BY    HARLOW    SHAPLEY 


HENRY  NORRIS  RUSSELL  was  born  on  October  25,  1877,  in  Oyster 
Bay,  New  York,  the  son  of  a  Presbyterian  minister.  His  educa- 
tion was  acquired  principally  at  home  until  the  age  of  twelve,  and 
then  at  the  Princeton  Preparatory  School  and  Princeton  University; 
from  the  latter  he  was  graduated  in  1897  with  the  highest  standing 
ever  attained  by  a  Princeton  undergraduate.  Throughout  all  of  his 
mature  life,  as  a  member  of  the  Princeton  faculty,  he  lived  at  79 
Alexander  Street,  but  spent  many  summers  on  the  New  England 
coast  or  in  travel. 

Russell  was  awarded  in  due  course  all  the  formal  distinctions  that 
America's  leading  astronomer  merited.  He  was  made  a  foreign  as- 
sociate of  the  Royal  Societies  of  London,  Edinburgh,  and  Belgium; 
Correspondent  of  the  French  Academy  of  Sciences,  and  Associate  of 
the  Royal  Astronomical  Society  of  London.  His  honorary  degrees 
came  from  Dartmouth,  Louvain,  Harvard,  Chicago,  Michoacan 
(Mexico) ;  his  medals  and  prizes  from  the  Royal  Astronomical  So- 
ciety of  London,  the  French  Academy  (Lalande  and  Janssen),  Na- 
tional Academy  of  Sciences  (Draper),  Astronomical  Society  of  the 
Pacific  (Bruce),  American  Academy  of  Arts  and  Sciences  (Rum- 
ford),  Franklin  Institute  (Franklin),  and  the  American  Philosophi- 
cal Society  (John  L.  Lewis  prize).  He  was  the  first  Henry  Norris 
Russell  Lecturer  of  the  American  Astronomical  Society. 

In  Russell's  brief  autobiographical  statement  for  the  National 
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Academy  of  Sciences  two  paragraphs  report  on  his  natural  interest  in 
mathematics  and  on  his  early  education : 

"It  may  be  relevant  to  record  that  a  strong  interest  in  mathematics 
appears  to  'run  in  the  family.'  My  maternal  grandmother  won  a 
mathematical  prize  on  her  graduation  in  1840  from  Rutgers  Female 
Institute  in  New  York  (the  first  institution  in  that  city  for  the  higher 
education  of  women).  My  mother  was  easily  first  in  a  ladies  class' 
in  mathematics  given  by  professors  of  the  University  of  Edinburgh 
about  1868.  I  was  awarded  a  fellowship  in  mathematics  on  my 
graduation  from  Princeton.  My  children,  though  none  of  them  have 
followed  careers  in  the  mathematical  sciences,  have  all  enjoyed  their 
courses  in  mathematics  and  done  well  in  them  with  no  great  effort. 

"I  was  always  interested  in  astronomy.  (I  recall  my  parents  show- 
ing me  the  transit  of  Venus  in  1882,  when  I  was  five  years  old.) 
Specialized  interest  in  it  was  aroused  mainly  by  C.  A.  Young  of 
Princeton — a  great  teacher  as  well  as  a  great  astronomer.  My  first  in- 
dependent contribution  dealt  with  the  atmosphere  of  Venus." 

My  address  to  the  American  Astronomical  Society  in  May,  1957, 
on  Russell's  scientific  work  follows: 

In  Colonel  Stratton's  obituary  of  Henry  Norris  Russell  in  Nature 
for  March  16,  1957,  appears  this  concluding  evaluation:  "A  man  of 
overflowing  energy,  never  sparing 'himself  in  his  own  work  or  in 
assisting  the  researches  of  others,  he  was  the  most  eminent  and 
versatile  theoretical  astrophysicist  in  the  United  States  if  not  in  the 
world." 

When  I  cast  back  in  my  memory  (before  I  examine  the  full  bibli- 
ography), I  pick  out  the  following  as  Russell's  most  outstanding 
contributions: 

1.  The  color  magnitude  diagram. 

2.  Eclipsing  binary  theory  and  calculations. 

3.  Spectrum  analysis,  laboratory  and  stellar. 

4.  The  masses  of  stars,  including  analysis  of  visual  double  stars. 

5.  Popularization  of  astronomy  at  a  high  level 
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This  last  refers  to  the  famous  textbook  with  Dugan  and  Stewart, 
to  some  general  lectures,  and  especially  to  the  monthly  contribution, 
over  forty  years,  to  the  Scientific  American — a  survey  of  astronomi- 
cal problems  and  progress  much  like  the  current  series  by  Otto 
Struve  in  Sky  and  Telescope. 

In  the  foregoing  five  fields  Russell  did  indeed  do  outstanding 
work,  but  picking  up  the  list  of  about  200  technical  papers,  I  see  that 
I  have  left  out  at  least  five  fields  that  should  not  have  been  over- 
looked : 

6.  Solar  and  stellar  composition  and  constitution  (for  example,  the 
"Russell  mixture"  so  much  used  in  cooking  up  atmospheric  models). 

7.  The  origin  of  the  planets  and  comets. 

8.  Characteristics  of  planetary  atmospheres. 

9.  The  contacts  of  religion  with  science,  and  vice  versa — and 

10.  Perhaps  the  most  important  of  all,  general  consulting  on  all 
astronomical  and  spectroscopic  problems. 

Colonel  Stratton  is  right  about  the  unequaled  versatility  of  Russell, 
who  has  written  modestly  of  himself  that  as  a  boy  he  was  rather 
acutely  studious,  "somewhat  preferring  mathematical  studies,  and 
with  no  marked  scholastic  dislikes."  Going  much  further,  all  of  us 
would  agree  that  the  word  genius  more  rightly  applies  to  him  than 
to  any  other  American  astronomer  of  these  or  earlier  times.  And  as 
a  genius  he  was  at  times  pretty  hard  going  for  many  of  us  followers 
who  think  and  talk  slowly  and  raggedly.  As  one  of  his  first  graduate 
students  I  quickly  learned  to  use  monosyllables — "Yes,  No,  Yes? 
So?  How's  that?"  and  "Ummmm."  That  drawling  monosyllable 
"Ummmm"  conceals  more  careful  ignorance  than  any  other  in  the 
Queen's  English.  I  doubt  if  I  fooled  him.  We  would  walk  on  the 
Princeton  campus,  he  waving  his  cane  to  shoo  the  inconsequential 
students  off  the  walks — he  calculating  and  scintillating — I  listening, 
guessing,  wondering,  trying  to  de-confuse  myself.  You  may  re- 
member that  I  claim  to  be  the  original  Russell  Mixture. 

Of  the  ten  major  fields  of  Russell's  interest  and  activity,  I  shall 
choose  only  three  or  four  for  comment.  First  the  happy  assignment 
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and  acceptance  of  being  America's  wide-ranging  astronomical  con- 
sultant. 

Beginning  in  the  early  19208  Russell  was  officially  a  visiting  re- 
search associate  at  the  Mount  Wilson  Observatory.  When  I  was 
shipped  East  to  Harvard,  so  the  rumor  goes,  they  were  happy  that 
the  released  dollars  (there  were  not  very  many,  I  assure  you)  per- 
mitted the  bringing  of  Russell  to  Pasadena.  It  was  indeed  a  clever 
bargain  arranged  by  Mr.  Hale. 

From  Russell's  long  association  with  Mount  Wilson  came  many 
scientific  contributions — largely  spectroscopic.  Some  were  inspired 
by  his  association  with  Walter  S.  Adams,  A.  S.  King,  and  H.  D.  Bab- 
cock.  Later  he  was  made  an  official  research  associate  of  the  Harvard 
Observatory.  And  he  also  regularly  visited  the  Lick  and  Lowell  Ob- 
servatories, the  National  Bureau  of  Standards,  and  other  research 
groups.  One  year  he  was  Morrison  Research  Associate  on  Mount 
Hamilton.  The  assistance  he  gave  everywhere  was  immense — criti- 
cisms, hunches,  and  much  computational  labor.  He  liked  to  mess 
around  with  numbers. 

In  the  few  paragraphs  that  he  has  written  about  himself  for  the 
records  of  the  National  Academy  of  Sciences,  he  says,  "I  have  always 
enjoyed  detailed  numerical  work,"  and  such  computational  work 
has  been  used  freely  in  all  his  investigations.  Professor  Dugan  once 
remarked,  "Russell  will  spend  much  more  time  hunting  for  in- 
genious short  cuts  than  would  be  required  to  take  the  long  cut." 

Russell's  informal  role  over  three  decades  as  National  Astronomi- 
cal Consultant  was  supplemented  formally  by  joint  authorships  of 
scientific  publications.  His  first  collaborator  was  Arthur  R.  Hinks 
at  Cambridge,  England,  where,  in  his  early  post-doctorate  days, 
he  measured  trigonometric  parallaxes  of  stars  without  too  much  suc- 
cess. 

In  1912  began  our  joint  work  on  the  orbital  theory  and  practice  of 
eclipsing  binary  stars;  and  at  the  same  time  began  the  collaboration 
of  Harvard,  Yale,  and  Princeton  on  the  positions  of  the  moon  deter- 
mined photographically.  "Harvard  makes  photographs,  Princeton 
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makes  measures,  and  Yale  thinks"  was  alleged  to  be  the  arrange- 
ment. The  collaborators  were  E.  C.  Pickering,  E.  W.  Brown,  Russell, 
and  a  philanthropist  (George  Russell  Agassiz)  who  paid  for  the 
many  girl-hours. 

I  have  made  a  list  of  subsequent  joint  authorships — about  twenty- 
five  in  number.  Here  are  some  of  the  names:  Adams,  Joy,  Stewart, 
Saunders,  Dugan,  Karl  Compton,  Boyce,  Menzel,  Bowen,  Shenstone, 
Meggers,  Arthur  King,  Robert  King,  Mrs.  Gaposchkin,  and,  most 
frequently  collaborating,  Charlotte  Moore  (Sitterly).  Many  other 
contributions  could  well  have  carried  his  name  as  joint  author,  but 
such  credits  did  not  interest  Russell.  He  was  casual  about  credits  to 
himself,  but  intense  about  anybody's  scientific  discoveries. 

While  still  a  Princeton  graduate  student,  Russell  published  two 
papers  that  pointed  directly  to  two  of  his  future  life-long  interests. 
The  first  was  "The  Atmosphere  of  Venus,"  published  in  1899  in  the 
then  young  Astrophysical  Journal.  It  makes  good  reading  today;  it 
shows  a  distinct  maturity.  Later  that  year  appeared  his  paper  "The 
Densities  of  Variable  Stars  of  the  Algol  Type."  Many  of  his  sub- 
sequent papers  deal  with  eclipsing  stars,  and  also  a  large  number 
with  planetary  atmospheres. 

Other  early  scientific  papers  (1897-1900)  touched  celestial  me- 
chanics, e.g.,  "The  Great  Inequality  of  Eros  and  the  Earth."  That  was 
the  time  of  considerable  excitement  over  the  highly  eccentric  orbit 
of  the  newly  discovered  asteroid.  Russell's  last  published  paper,  by 
the  way,  was  encouraged  by  Mrs.  Nail  and  me  a  couple  of  years  ago. 
We  tempted  him,  after  he  had  thought  his  effective  work  was  com- 
pleted, by  sending  him  light  curves  of  some  eclipsing  stars  in  the 
Magellanic  Clouds.  (It  is  well,  we  argued,  to  be  sure  that  the  gravi- 
tational laws  are  the  same  in  those  mixed  up  galaxies  as  in  our  own; 
it  is  important  also  to  see  if  the  stars  are  similar  in  general  respects.) 
Russell's  contribution  (this  last  one)  was  printed,  just  a  week  before 
his  death,  in  the  second  volume  of  Dr.  Beer's  Vistas. 

Most  of  Russell's  last  decade  of  work  dealt  with  eclipsing  star 
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orbital  theory.  He  devoted  much  time  to  the  work  of  J.  E.  Merrill 
and  Z.  Kopal. 

Beginning  in  the  middle  of  the  1920$  he  turned  his  guns  on  the 
mysteries  of  radiation.  He  devoted  more  of  his  time  to  spectrum 
analysis,  a  subject  on  which  he  has  left  an  indelible  impression.  With 
Saunders,  Charlotte  Moore  Sitterly,  Meggers,  Lang,  Bowen,  and 
others,  he  brought  order  out  of  chaos  among  the  arc  and  spark 
spectra  of  the  elements. 

From  1925  to  1930  his  activity  produced  twenty  papers  on  line 
spectra.  Some  of  them  were  classics,  such  as  "A  Calibration  of  Row- 
land's Scale  of  Intensities  for  Solar  Lines,"  "The  Arc  and  Spark 
Spectra  of  Titanium"  (130  pages  in  the  Astrophysical  Journal),  and, 
with  R  A.  Saunders,  "The  Spectrum  of  Ionized  Calcium."  This 
last  introduced  the  famous  Russell-Saunders  coupling  in  complex 
spectra. 

That  interval  of  five  years  yielded  also  the  Russell-Dugan-Stewart 
two-volume  textbook,  which  reoriented  and  essentially  revolution- 
ized astronomical  teaching  and  astronomical  textbook  writing  in 
America.  Also  at  that  time  he  gave  the  Terry  lectures  at  Yale  which 
resulted  in  the  book  Fate  and  Freedom.  In  this  same  pentad  of  ac- 
tivity appeared  (with  Mrs.  Sitterly  as  joint  author)  the  important 
catalogue  of  the  dynamical  parallaxes  of  1,777  double  stars. 

The  19308  were  also  furiously  active  and  scientifically  enjoyable— 
the  work  being  more  spectroscopic  than  astronomical  Much  more 
could  be  said  of  Russell's  work  on  laboratory  and  stellar  spectra,  but 
I  should  devote  a  little  time  to  some  miscellaneous  half-forgotten 
enterprises. 

There  was  the  tricky  analysis  in  1921  of  radioactive  data  which 
led  to  his  fixing  the  upper  limit  to  the  age  of  the  earth's  crust.  He 
starts  with  the  observation  that  if  the  whole  crust  had  been  originally 
composed  of  uranium  it  would  have  decayed  to  the  present  terrestrial 
abundance  in  17  half -periods,  or  8.5  Xio10  years.  "But  this  assump- 
tion," he  remarked,  "would  lead  to  the  absurd  conclusion  that  the 
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crust  must  now  be  composed  entirely  of  the  products  of  the  radio- 
active disintegration  of  the  original  uranium."  He  considers  the  lead 
situation,  and  the  contribution  of  thorium,  and  eventually  concludes, 
"indeed  it  might  be  safe  to  say  that  the  age  of  the  crust  is  between 
two  and  eight  thousand  millions  of  years."  That  was  thirty-five  years 
ago,  and  much  has  since  been  done  in  age  measurement  by  tech- 
niques then  unknown.  But  he  had  it  right.  Now  we  would  prob- 
ably say  between  four  and  six  thousand  million  years. 

The  Terry  lectures  in  Yale  in  1927  resulted  as  remarked  above  in 
the  small  book  Fate  and  Freedom.  The  three  chapters  are:  "Fate 
and  Freedom,"  "God  and  Man,"  "Body  and  Soul."  I  recommend 
the  book  to  those  of  you  who  are  wondering  about  human  fate,  as 
doomed  by  the  stars  and  solaced  by  the  comforts  of  religion. 

On  page  132  of  Fate  and  Freedom  I  find  a  rather  satisfactory  per- 
sonal definition  of  that  evasive  concept  "soul."  Russell  says:  "By  soul 
I  mean  here  the  personality,  the  conscious  individual  who  under- 
stands, feels,  remembers,  responds  to  us."  Soul  equals  personality. 
I  rather  like  that.  But  Russell  states,  "When  the  body  dies  the  soul 
vanishes  utterly."  I  do  not  agree  with  that  view.  He  is  inconsistent. 
I  always  intended  to  point  out  to  him  the  obvious  error.  For  the 
personality  (therefore  soul)  survives.  His  personality,  in  a  sense,  is 
here  at  the  present  time  and  will  continue  to  survive.  But  he  and  I 
didn't  get  to  argue  such  things — eclipsing  stars  and  the  iron  multi- 
plets  always  got  in  the  way.  Perhaps  it  is  just  as  well. 

Russell's  proper  field  of  science  was  astronomy  and  spectroscopy, 
but  on  the  side  he  was  interested  in  poetry,  geology,  archaeology, 
botany,  and  travel.  He  knew  the  Princeton  countryside  and  the 
deserts  of  the  Southwest;  he  knew  the  North  Cape  and  the  Nile 
Valley  with  its  monuments. 

In  those  early  Princeton  days,  I,  as  an  uncouth  Missourian,  was 
accepted  with  some  reservations,  but  gradually  I  improved,  and  at 
last  became  aware  of  my  arrival  when  Russell  very  privately  told  me 
a  deep  secret;  that  is,  he  told  me  just  where  in  the  woods  four  miles 
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north  of  Princeton  I  could  find  the  rare  and  precious  fringed  gentian, 
I  had  indeed  made  good! 

To  report  a  little  further  on  his  miscellaneous  scholarly  interests, 
I  note  in  the  bibliography  the  following:  "Determinism  and  Re- 
sponsibility;' "A  Planetary  Date  for  Chaucer's  Troilus,"  "The 
Borders  of  the  Humanities."  During  the  First  World  War  there 
appeared  a  paper  "On  the  Navigation  of  Airplanes." 

Of  more  professional  concern  were  the  following  contributions: 
"Dark  Nebulae,"  "On  Majorana's  Theory  of  Gravitation;'  "Model 
Stars,"  "On  the  Origin  of  Periodic  Comets,"  "The  Probable  Diam- 
eter of  Stars,"  "The  Solar  Spectrum  and  the  Earth's  Crust,"  "The 
Masses  of  the  Stars"  (an  important  monograph),  and  the  highly 
useful  "List  of  Ultimate  and  Penultimate  Lines  of  Astrophysical 
Interest."  We  do  not  have  space  here  to  explore  these  contributions, 
but  conclude  by  coming  back  to  the  planets,  where  Russell  began  his 
scientific  thinking. 

His  book  entitled  The  Solar  System  and  Its  Origin  has  been  a 
guide  and  inspiration  to  the  many  recent  workers  in  this  important 
field.  Research  and  speculations  have  gone  far  since  Russell's  Uni- 
versity of  Virginia  lectures.  Later  contributions  have  come  from 
Alfven,  ter  Haar,  Kuiper,  Lyttleton,  Urey,  von  Weizsaecker,  Whip- 
pie,  and  others,  but  Russell's  contribution  of  more  than  twenty  years 
ago  was  distinctly  the  guiding  pioneer  work,  both  as  a  survey  of  the 
then  current  thought  and  as  a  rich  source  of  suggestion. 

In  restrospect  we  note  that  Russell  never  seemed  to  interest  himself 
in  Milky  Way  structure,  or  in  the  many  problems  of  the  star  clusters 
and  galaxies,  possibly  because  I  talked  too  fast  about  them  and  he 
had  little  chance  to  contribute.  Also  he  did  not  get  deeply  into  the 
field  of  meteors.  But  he  appeared  to  cover  about  all  other  astronomi- 
cal fields  in  lively  interest  and  many  of  them  in  original  research. 
And  he  enjoyed  his  researches  immensely,  especially  those  where  he 
must  calculate  the  consequences  of  this  and  that.  One  of  my  clearest 
pictures  of  him  shows  his  eager  thoughtful  gaze  at  the  ceiling,  or 
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the  horizon,  with  a  10-inch  slide  rule  in  his  hands.  He  carried  the 
logarithm  tables  in  his  phenomenal  memory. 

A  few  weeks  ago  I  stood  alone,  with  bared  head,  in  the  front 
yard  at  79  Alexander  Street,  when  his  body  was  taken  into  the 
study  from  which  I  had  so  often  come  out  inspired  and  determined ; 
and  I  thought:  "His  interval  out  of  infinite  time  is  nobly  concluded; 
it  is  now  our  continuing  responsibility  to  pay  interest  on  the  invest- 
ment he  made  in  us." 
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stract). P.  A.,  30:167-68;  Nature,  109:560. 

The  Theory  of  lonization  and  the  Sun-Spot  Spectrum.  Ap.  J.,  55:119-44; 
Mt.  Wilson  Cont.,  225. 

Recent  Advances  in  Stellar  Astronomy.  I.  The  Light  of  the  Stars.  II.  The 
Sizes  and  Masses  of  Stars.  III.  The  Constitution  and  Evolution  of  the 


HENRY    NORRIS    RUSSELL  369 

Stars  (Three  Lectures  at  Rice  Institute,  Jan.  26-28,  1922).  Rice  Inst. 
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A  New  Form  of  the  Exclusion  Principle  in  Optical  Spectra.  Science, 
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With  W.  S.  Adams.  A  New  Method  of  Determining  Temperatures  and 

Pressures  in  Stellar  Atmospheres  (Abstract).  P.  A.,  36:294-95. 
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GEORGE  W.  STEWART 

February  22,  1876 — August  16,  1956 

BY  HARVEY   FLETCHER 


GEORGE  w.  STEWART  was  born  in  St.  Louis,  Missouri,  February  22, 
1876,  and  died  in  Iowa  City,  Iowa,  August  16,  1956,  being  in 
his  eighty-first  year.  He  was  a  member  of  the  National  Academy  of 
Sciences  for  eighteen  years  and  actively  participated  in  its  affairs 
during  this  period.  He  was  at  the  State  University  of  Iowa  for  forty- 
seven  years,  until  his  death. 

His  early  childhood  environment  and  training  are  very  beautifully 
portrayed  in  the  sketch  which  he  sent  to  the  Academy,  from  which 
I  quote: 

"I  had  an  older  brother,  Oscar,  an  older  sister,  Mary,  and  a 
younger  brother,  Victor.  The  home  life  with  four  children  was  al- 
ways an  active  one,  especially  since  much  of  it  was  spent  in  a  parson- 
age where  there  were  always  many  callers.  The  interest  of  the  home 
was  largely  centered  in  the  community,  in  the  needs  of  people  gen- 
erally and  in  the  growth  and  influence  of  the  local  church.  The  mak- 
ing of  money  and  attainment  in  life  as  measured  by  business  success 
were  naturally  not  often  the  subject  of  table  or  family  discussion, 
chiefly  because  they  were  crowded  out.  There  were  no  revolutionary 
views  of  society  taught  but  rather  the  faith  that  society  must  be 
evolved  through  the  individual's  interest  and  endeavor  to  bring 
about  a  better  civilization.  The  reading  of  good  literature  was 
emphasized,  though  most  of  this  was  upon  problems  of  society. 
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There  was  little,  if  any,  very  light  reading  material  in  the  home. 
Even  standard  works  of  fiction  took  second  place. 

"There  was  always  emphasized  the  need  for  a  sharp  discrimina- 
tion between  right  and  wrong  in  conduct.  But  all  this  was  suffused 
with  the  broadest  type  of  interest  in  humanity  and  the  greatest  sym- 
pathy with  the  other  fellow.  For  example,  it  was  upon  this  ground 
that  teetotalism  was  taught  and  practiced  and  that  form  of  risk  called 
gambling  was  avoided.  Thus  discriminations  were  based  not  only 
upon  logic,  but  also  importantly  upon  their  practicability  and  their 
helpfulness  to  others. 

"The  home  was  not  highly  emotional  religiously.  Father  became  a 
minister  because  of  the  influence  religion  had  upon  people  and  the 
happiness  in  their  homes.  He  was  spiritually  and  not  literally 
minded.  His  sermons  were  carefully  and  logically  organized  accord- 
ing to  the  custom  of  the  day.  Later  in  life  he  read  more  fiction,  threw 
away  all  of  his  old  sermons  and  based  his  shorter  efforts  on  life  as 
he  saw  it  about  him.  Evidently  he  early  regarded  experimental  re- 
ligion as  more  to  be  stressed  than  theological  beliefs  or  rigid  creeds. 
It  was  the  life  he  lived  and  the  motives  which  actuated  him  that  in- 
fluenced all  his  children.  His  breadth  of  view  was  shown,  as  subse- 
quently learned,  by  his  setting  aside  the  rules  of  the  Methodist 
Discipline  and  receiving  into  the  church  without  baptism  those  of 
the  Quaker  faith  who  did  not  approve  of  that  ritual.  This  occurred 
at  Carthage,  Mo.,  in  1871-73,  at  a  time  when  debate  concerning 
forms  of  baptism  were  common,  and  many  thought  'salvation'  de- 
pended upon  baptism.  Also  there  subsequently  came  to  light  other 
acts  which  showed  his  view  that  all  organization  and  rituals  are  but 
tools  for  the  encouragement  and  enrichment  of  what  he  termed  the 
spiritual  life. 

"Mother  was  ever  watchful  of  the  many  possible  errors  that  can 
be  made  by  a  pastor  and  had  an  abundance  of  good  judgment  that 
was  exceedingly  helpful  to  father.  She  was  not  a  great  reader,  but  a 
home  maker  and  a  leader  of  the  women  of  the  parish  in  the  de- 
velopment of  their  activities.  She  seemed  to  know  everything  about 
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her  children  at  all  times.  She  had  an  uncanny  insight  into  the  char- 
acter of  everyone  she  knew,  and  this  was  very  helpful  to  father  who 
was  more  trusting  than  she.  There  seemed  to  be  present  in  the  home 
a  confidence  in  humanity,  and  yet  an  awareness  of  its  weaknesses. 

"The  home  was  as  harmonious  as  a  character-forming  one  could 
possibly  look  to  a  child.  Father  and  mother  seemed  to  work  together 
especially  well  because  they  seemed  to  have  a  common  objective  and 
did  not  overemphasize  their  own  personal  interests.  There  was  no 
effort  made  in  the  home  to  determine  the  careers  of  any  of  the  chil- 
dren. No  particular  professions  or  occupations  were  held  up  as  ideal. 
We  were  led  to  look  forward  to  higher  education,  if  the  finances 
would  permit,  and  we  were  encouraged  to  have  self-confidence.  For 
why  should  not  high  thinking,  earnest  people  succeed  in  rendering 
a  service  to  civilization  and  thus  have  a  place  in  the  world  ?  Often 
we  were  reminded  that  high  thinking  and  simple  living  make  men 
and  women  of  real  worth. 

"My  first  recollections  are  of  pleasant  times,  play  with  other  chil- 
dren, entertainments  in  the  church,  social  gatherings  at  the  parson- 
age. The  unpleasant  recollections  are  only  of  cuts  and  bruises  and 
minor  accidents  for  which  presumably  I  alone  was  responsible. 

"I  recall  an  early  ambition  that  was  never  realized.  It  seems  that  I 
passed  rather  rapidly  through  the  first  room  or  two  in  school  and 
that  this  gave  me  a  confidence  that  I  would  soon  pass  through  the 
rest  of  them.  But  the  family  only  smiled  indulgently  at  this  ambition 
which  I  failed  to  achieve. 

"One  incident  in  the  life  of  my  older  brother  left  a  very  marked 
impression.  It  appears  that  he  rebelled  at  learning  the  multiplication 
tables,  even  inferring  that  he  could  not  master  it.  My  father  sum- 
moned my  brother  to  his  study,  informed  him  that  there  were  no 
stupid  ones  in  this  family  and  suggested  very  definitely  that  my 
brother  learn  his  tables  forthwith  or  be  punished.  My  brother  learned 
the  multiplication  tables  at  once  and  was,  from  that  time  on,  excellent 
in  mathematics.  He  is  O.  M.  Stewart,  well-known  textbook  author 
in  physics  and  for  many  years  head  of  the  Department  of  Physics, 
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University  of  Missouri.  This  incident  and  its  suggestiveness  I  have 
never  forgotten. 

"I  was  never  bookish,  preferring  to  play  rather  than  to  study.  Not 
until  the  seventh  or  eighth  grade  did  anything  occur  to  stimulate 
me  to  serious  efforts.  Then  my  teacher  in  a  very  personal  way  ap- 
pealed to  my  pride,  telling  me  how  much  better  my  sister  was  than  I. 
From  that  time  on  my  studies  became  a  more  important  challenge 
to  my  efforts. 

"My  first  year  of  public  school  was  at  Sedalia,  Mo.  I  continued  at 
Carthage,  Mo.,  from  about  six  years  to  nine  years  of  age;  then  at 
Kansas  City,  Mo.,  from  nine  until  seventeen,  completing  three  years 
of  high  school.  The  moves  from  Sedalia  to  Carthage  and  to  Kansas 
City  were  made  in  March,  the  time  of  changes  in  the  Methodist  Con- 
ference to  which  father  belonged.  Undoubtedly  these  changes  had 
some  advantages,  but  also  the  disadvantage  arising  from  the  dissimi- 
larity in  the  programs  of  the  schools.  I  do  not  recall  disliking  any 
subjects  in  school 

"My  home  occupations  during  the  school  period  were  those  of  a 
city  boy  living  in  a  semi-modern  house.  There  were  a  few  duties, 
but  my  school  work  was  regarded  as  of  first  importance.  During  my 
second  year  in  high  school  I  studied  shorthand  in  order  better  to  be 
prepared  to  earn  money  during  vacations.  During  the  following 
summer  I  continued  my  stenographic  training  by  working  in  a 
wholesale  lumber  office  at  a  small  wage.  This  employment  continued 
for  three  hours  per  day  through  a  large  part  of  the  last  year  in  high 
school.  Immediately  following  this  I  took  a  position  at  the  Methodist 
Book  Concern  in  St.  Louis,  Mo.,  where  I  spent  a  year  and  a  summer 
laying  aside  funds  to  pay  my  way  to  college.  This  break  in  my  educa- 
tion was  a  financial  necessity. 

"I  entered  DePauw  University  in  September,  1893  and  received 
Phi  Beta  Kappa  and  A.  B.  degree  in  1898. 

"I  ran  a  boarding  club  a  part  of  the  time  and  earned  money  during 
summer  vacations.  I  was  able  to  graduate  without  interruptions  and 
only  a  few  hundred  dollars  in  debt.  I  was  honored  by  appointment 
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to  a  responsible  office  by  my  college  fraternity.  I  took  a  great  interest 
in  the  fraternity,  and  this  brought  me  into  intimate  contact  with  fifty 
or  sixty  men  during  the  four  years.  In  this  way  I  acquired  great  faith 
in  men.  Also  I  saw  and  learned  to  appreciate  almost,  if  not  all,  the 
human  traits  I  have  since  known.  This  experience  was  important  in 
making  me  at  home  in  the  world  among  those  of  different  views. 

"I  borrowed  the  money  for  graduate  study  from  a  Mr.  Kauffman 
of  St.  Louis  and  entered  Cornell  University  in  1898.  Received  the 
degree  of  Ph.D.  in  1901.  Graduate  assistant  in  physics,  Cornell, 
1899-1901.  Elected  to  Sigma  Xi  in  1900." 

He  was  an  instructor  at  Cornell  from  1901  to  1903,  when  he  ac- 
cepted a  position  at  the  University  of  North  Dakota,  where  he  stayed 
for  six  years.  In  1909,  he  went  to  the  State  University  of  Iowa  as 
Professor  and  Head  of  the  Department  of  Physics  and  remained 
there  unttt  his  death  in  1956.  During  this  period  he  served  as  Acting 
Dean  of  the  Graduate  School  for  several  short  periods. 

He  was  a  member  of  Phi  Beta  Kappa  and  an  honorary  member  of 
Sigma  Pi  Sigma  and  Phi  Kappa  Phi.  He  was  President  of  the  Ameri- 
can Physical  Society  in  1942  and  a  member  of  its  Council  for  several 
years.  In  1930  he  became  National  President  of  the  Society  of  Sigma 
Xi,  He  was  awarded  three  honorary  Doctor  of  Science  degrees,  by 
DePauw  University  (1928),  University  of  Pittsburgh  (1931),  and 
Kalamazoo  College  (1949).  The  American  Association  of  Physics 
Teachers  awarded  him  the  Oersted  Medal  for  outstanding  teaching 
in  1942.  He  was  also  identified  with  the  Acoustical  Society  of 
America,  The  Optical  Society  of  America,  and  the  Society  for  Pro- 
motion o£  Engineering  Education. 

The  physics  building  at  the  State  University  of  Iowa  is  a  monu- 
ment to  his  name.  Provost  Harvey  H.  Davis  of  this  University  paid 
tribute  to  him  in  these  words: 

"He  has  given  a  long  record  of  distinguished  and  devoted  service 
to  the  University,  both  through  his  own  efforts  and  through  those 
of  people  he  selected  for  staff  appointments.  The  Physics  Building 
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was  planned  and  its  construction  almost  literally  supervised  by  Dr. 
Stewart.  Its  long  usefulness  with  comparatively  little  remodeling 
attests  the  wisdom  of  his  planning." 
Again  I  quote  from  his  autobiography: 

"It  is  difficult  to  know  precisely  how  my  later  interests  in  life  de- 
veloped. They  have  never  been  separated  from  that  early  interest  in 
people  that  was  in  the  home  as  a  child.  Above  has  been  related  my 
stimulus  to  better  study  that  occurred  in  the  grade  school.  Fortu- 
nately though  not  at  all  bookish,  I  began  to  regard  the  assignments 
of  study  as  something  to  conquer.  I  was  made  to  think  of  education 
as  a  strengthening  of  the  mental  sinews  rather  than  as  an  accumula- 
tion of  directly  useful  knowledge.  I  did  fairly  well  in  high  school; 
in  college  I  tried  to  excel. 

"It  might  be  that  I  was  definitely  influenced  by  my  brother  who 
had  become  a  physicist  at  Cornell  University.  But  at  the  time  I 
thought  I  was  quite  independent  in  my  choice.  My  reasons  were 
these:  First,  my  college  work  convinced  me  that  I  had  a  mind  that 
was  regarded  as  analytical.  I  knew  physics  demanded  that  qualifica- 
tion. Second,  I  realized  that  many  aspects  of  physics  were  unex- 
plored, and  anyone  going  into  it  would  never  be  limited  by  the 
narrowness  of  the  field  or  the  limitations  of  his  position.  Third,  I 
had  continued  to  be  deeply  interested  in  people,  and  I  thought  I  saw 
the  way  in  which  a  physicist  might  help  stabilize  young  minds  in 
the  inevitable  drift  from  creeds  and  tradition.  Fourth,  and  most  im- 
portantly, the  fundamental  nature  of  physics  was  particularly  ap- 
pealing. Physics  appeared  to  be  on  a  journey  of  penetration  into  the 
depths  of  nature.  It  seemed  to  be  one  of  the  most  highly  intelligent 
and  fundamentally  significant  ventures  of  man.  My  debate  as  to  a 
career  was  between  the  law,  the  ministry  and  physics.  The  law 
seemed  to  be  very  attractive  so  far  as  its  practice  depended  on  the  use 
of  the  mind.  Further  it  promised  definite  opportunities  to  assist  peo- 
ple and  society  very  directly.  But  it  did  not  seem  to  have  in  prospect 
that  deep  and  alluring  fundamental  exploration  possible  in  physics. 
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The  ministry  seemed  laudable,  but  in  it  one  would  not  have  the 
freedom  of  mind  and  the  constructive  opportunity  physics  seemed 
to  promise.  I  had  no  reason  to  believe  that  I  had  any  extraordinary 
gifts  in  physics.  Indeed  I  felt  certain  that  I  would  not  be  satisfied 
with  mere  technicality  anyway.  My  professor  of  physics  was  a  trained 
cabinet  maker,  whose  scholastic  training  extended  to  the  master's 
degree.  He  was  not  brilliant  nor  was  he  a  great  scholar.  But  he  had 
a  love  for  physics.  Every  spare  moment  he  spent  in  his  shop  con- 
structing new  pieces  of  apparatus.  This  deep  love  for  the  subject 
appealed  to  me  strongly.  I  knew  there  was  something  there  for  me, 
also,  though  doubtless  in  a  different  way. 

"I  can  recall  no  relation  of  adult  performance  to  juvenile  promise. 
My  family  was  not  aware  of  any  constructive  talent.  Indeed  my  curi- 
osity more  than  once  caused  me  to  take  some  balky  mechanism  apart 
only  to  find  it  too  complicated  or  too  difficult  to  restore.  Indeed,  my 
family  thought  also  that  I  was  too  impatient  for  a  teacher. 

"But  physics  appealed  strongly  to  me,  and  I  knew  I  could  always 
use  my  mind  for  advancement  in  that  field  no  matter  in  what  posi- 
tion I  found  myself.  Curiously  enough,  I  did  not  wish  to  remain  at 
Cornell  University  where  the  young  men,  I  observed,  felt  they  were 
under  some  external  pressure  to  do  research.  I  remained  two  years 
after  taking  the  degree,  accomplished  some  additional  investigations 
but  rather  longed  to  be  more  *on  my  own'  where  there  would  be 
broader  demands  upon  ability.  When  the  chance  to  go  to  the  Uni- 
versity of  North  Dakota  arose,  I  accepted  it,  thinking  that  there 
where  research  was  not  demanded,  I  would  learn  whether  or  not  I 
would  carry  on  investigation  as  a  natural  part  of  any  mental  life. 
I  reasoned  also  that  education  in  the  Middle  West  was  growing 
•  apace  and  that  if  I  succeeded  at  North  Dakota,  I  would  be  called 
elsewhere  in  that  region.  In  looking  over  these  steps  it  seems  that 
my  ambition  never  reached  far  beyond  what  seemed  a  quite  possible 
realization.  Thus,  with  the  exception  of  not  being  able  to  get  from 
room  one  to  room  twelve  in  a  short  time  in  that  public  school  in 
Sedalia,  Mo.,  I  have  never  been  disappointed  by  the  non-realization 
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of  a  clearly  thought-out  ambition.  Yet  I  was  not  appointed  to  two 
positions  for  which  I  applied.  One  was  for  a  teaching  position  in  a 
high  school  in  Indiana  which  I  sought  in  my  senior  year.  The  other 
was  for  a  professorship  in  a  New  England  college  which  I  sought 
in  about  1902.  But  it  appears  that  in  each  case  failure  was  probably 
my  good  fortune." 

Although  he  always  had  heavy  administrative  duties  and  made 
many  contributions  to  the  science  of  teaching,  he  managed  to  take 
time  enough  to  make  several  important  research  contributions.  His 
earliest  work  was  in  radiation,  but  in  1910  he  turned  to  the  field  of 
acoustics.  He  was  one  of  the  very  few  in  the  American  Physical  So- 
ciety who  gave  papers  on  acoustics.  Professor  Webster  of  Johns 
Hopkins  University,  Professor  Miller  of  Case  School  of  Applied 
Science,  Professor  Sabin  of  Harvard,  and  Professor  Stewart  were 
pioneers  in  America  in  this  field. 

As  will  be  seen  from  the  lists  of  his  paper  given  at  the  end  of 
these  memoirs  he  published  twenty-seven  of  them  on  acoustics  from 
1903  to  1926.  Probably  his  most  significant  contribution  in  this  field 
was  the  invention  of  the  acoustic  filter.  He  patented  some  of  these 
filters  and  sold  the  rights  to  use  to  the  Bell  Telephone  Laboratories. 
Some  of  these  ideas  were  used  in  the  construction  of  telephone 
microphones  and  receivers.  He  did  not  arrive  at  these  inventions  by 
the  experimental  method,  but  by  solving  the  fundamental  wave 
equations  for  fluids  under  special  boundary  conditions.  He  consid- 
ered cases  where  the  cross  sectional  area  of  tubes  suddenly  changed, 
and  also  the  case  of  tubes  with  one  or  more  branches.  He  was  able 
to  show  that  with  a  proper  combination  of  these  he  could  produce 
high  pass,  low  pass,  or  band  pass  types  of  filters. 

He  then  turned  his  attention  to  X-ray  studies  of  liquids,  and  be- 
tween 1926  and  1941  he  published  thirty  papers  in  this  field.  His 
main  contribution  was  to  show  that  liquids  in  general  have  a  "liquid 
structure"  simulating  crystalline  structure  but  not  identical  to  it. 

However,  he  considered  research  was  more  an  essential  and  natu- 
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ral  activity  of  the  mind  than  a  goal  in  itself.  He  was  attracted  to 
creativeness,  holding  technical  research  as  but  one  of  the  opportuni- 
ties of  creative  activity  for  the  physicist  and  teacher. 

Before  Stewart's  arrival  at  the  State  University  of  Iowa,  only  two 
M.  S.  and  no  Ph.  D.  degrees  had  been  granted  there.  He  stressed 
graduate  work.  One  year  after  he  arrived,  the  first  Ph.  D.  in  physics 
was  granted.  By  1946,  about  70  Ph.  D.  degrees  and  150  M.  S.  degrees 
had  been  granted. 

Later,  his  urge  to  do  research  work  lessened,  and  he  founded  the 
Iowa  Colloquium  of  College  Physicists.  After  retirement  this  became 
his  main  interest.  I  quote  from  a  biography  published  in  the  Pro- 
ceedings of  the  Iowa  Academy  of  Sciences : 

"Into  it  he  put  all  his  energy  and  drive,  striving  to  make  every 
meeting  surpass  the  preceding  ones.  Many  of  the  more  than  one 
hundred  physicists  who  converged  on  our  campus  every  June  for 
this  meeting  were  former  students  of  Professor  Stewart  but  all  were 
made  to  feel  his  warm  welcome  and  his  personal  interest  in  their 
problems  and  achievements.  He  encouraged  active  participation  in 
the  Colloquium  by  including  'Round  Tables'  and  discussions  each 
year  to  supplement  the  formal  lectures,  and  by  means  of  an  exhibit 
consisting  of  numerous  experimental  and  other  devices.  An  evening 
was  devoted  to  viewing  this  exhibit  and  prizes  were  awarded  as  de- 
termined by  vote  of  the  members  of  the  Colloquium.  Although  he 
was  hospitalized  for  six  weeks  prior  to  the  June  1956  meeting  it  was 
held  as  scheduled  and  Professor  Stewart  was  present  to  greet  every- 
one and  to  'attend'  the  meetings  by  means  of  a  public  address  system 
set  up  in  his  office.  He  had  moreover  nearly  completed  the  program 
for  the  1957  Colloquium  at  the  time  of  his  death." 

While  a  graduate  student  at  Cornell  University,  Professor  Stewart 
met  and  became  engaged  to  Zella  Mildred  White,  a  medical  student 
in  the  University.  He  and  "Dr.  Zella"  were  married  in  1904.  Their 
forty  years  of  marriage  are  related  with  great  insight  and  tenderness 
in  a  biography  which  he  prepared  after  her  death  in  1943.  They  had 
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one  son,  Rodney  Cromwell  Stewart,  who  is  now  a  resident  of  Iowa 
City. 

While  Professor  Stewart  was  a  tireless  worker  and  got  great  satis- 
faction out  of  keeping  occupied,  he  nevertheless  found  time  to  be- 
come an  enthusiastic  golfer  and  took  time  off  for  several  extensive 
tours.  The  first  and  longest  was  a  five-month  cruise  in  1932  with 
"Dr.  Zella,"  which  took  them  to  many  countries  of  the  world  and 
from  which  they  returned  with  a  host  of  pleasant  memories  and 
many  souvenirs.  In  the  summer  of  1935  they  visited  South  America, 
and  in  1938  they  took  a  European  tour,  visiting  France,  England, 
Holland,  and  the  Scandinavian  countries.  Many  visitors  in  Professor 
Stewart's  home  have  enjoyed  his  descriptions  of  their  travels  and 
impressions  of  other  lands. 

Professor  Stewart  took  an  active  part  in  the  organization  of  the 
University's  interreligious  School  of  Religion  and  served  on  its  board 
for  twenty-five  years.  He  was  President  of  the  board  at  the  time  of 
his  death. 

At  his  funeral  service,  on  August  20,  1956,  Dr.  M.  Willard  Lampe 
of  this  school  made  the  following  significant  remarks  about  him 
which  are  included  in  these  memoirs: 

"In  this  presence  one  feels  more  deeply  than  he  can  speak.  This 
is  so  not  merely  because  of  our  sorrow  as  relatives  and  friends,  not 
merely  because  of  the  mystery  of  death  and  its  sensed  relationship  to 
the  greater  mystery  of  life,  but  because,  now  that  our  loved  one  and 
friend  is  gone,  we  are  more  aware  than  ever  of  the  richness  and  full- 
ness of  the  life  he  has  lived,  and  also  because  we  are  keenly  aware 
of  an  unpayable  indebtedness  to  him.  In  my  case  I  realize  that  I  am 
here  and  came  to  this  community  nearly  thirty  years  ago  because,  in 
no  small  degree,  of  his  influence  upon  me,  and  I  am  also  vividly 
reminded  that  through  the  years  he  has  been  a  source  of  inspiration 
and  strength — sometimes  as  an  honest  critic,  sometimes  going  far 
out  of  his  way  to  say  a  kindly  word,  always  an  encourager  and 
friend. 

"Of  my  many  associations  with  him,  let  me  relate  only  one  which 
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I  select  as  illustrative  of  the  man  he  was,  and  of  what  was  central  in 
his  life.  It  was  an  incident  of  at  least  fifteen  years  ago.  One  morning 
shortly  after  the  beginning  of  a  new  school  year,  he  telephoned  to 
ask  if  I  would  give  him  two  hours  at  my  convenience  so  that  he 
could  tell  me  of  a  great  discovery  he  had  made  during  the  summer. 
He  said  he  could  summarize  this  discovery  in  a  short  sentence,  but 
he  knew  it  would  sound  trite  to  me  unless  he  could  give  me  con- 
siderable background.  We  quickly  set  a  time  and  he  came  to  my 
office.  This  was  his  story. 

"Mrs.  Stewart  and  he  had  spent  the  summer  on  a  leisurely  ocean 
voyage  around  South  America,  stopping  at  several  ports  en  route. 
He  had  taken  no  books  with  him.  He  had  assigned  himself  no 
papers  to  write.  No  persons  or  places  were  the  specific  object  of  his 
visit.  There  were  no  problems  he  wanted  to  solve — except  one,  the 
central  problem  of  any  serious  mind,  viz.,  what  is  the  most  satis- 
factory philosophy  of  life  ?  He  reviewed  this  problem  in  the  light  of 
his  total  experience.  He  was  the  son  of  a  Methodist  minister.  He  had 
done  his  undergraduate  work  at  DePauw  University,  a  strong  Chris- 
tian institution.  He  had  pursued  his  special  study  at  Cornell  Uni- 
versity and  then  had  gone  on  into  his  life  work  as  a  physicist,  all 
the  while  retaining  his  interest  in  the  broad  fields  of  culture,  and 
participating  actively  in  many  of  the  opportunities  presented  by  these 
fields  for  personal  growth  and  human  service.  All  of  this  panorama 
he  had  reviewed  and  contemplated  as,  day  after  day,  he  mused  in 
his  steamer  chair,  or  talked  with  his  fellow  passengers,  or  saw  the 
sights  of  the  various  ports.  He  tried  to  weave  it  all  into  the  most 
meaningful  pattern,  and  to  make  it  contribute  to  some  touchstone 
which  he  might  wholeheartedly  accept  and  follow  as  a  working 
philosophy  of  life.  Several  times  during  his  talk  with  me  that  day 
he  stressed  the  thought  that  when  he  stated  his  conclusion  he  wanted 
me  to  interpret  the  words  far  more  profoundly  than  they  might 
appear  to  me  to  mean  because  of  any  familiarity  I  might  have  with 
them,  and  I  assure  you  that  when  he  was  through,  I  was  prepared 
so  to  do.  The  formula  at  which  he  arrived,  and  for  which  he  became 
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a  zealous  protagonist  and  missionary  both  in  spirit  and  in  many 
active  endeavors  (although  I  never  could  believe  that  it  was  any- 
thing really  new  in  his  life),  was  this:  The  most  satisfactory  philoso- 
phy of  life  is  for  one  to  be  loyal  to  the  highest  and  best  that  one 
knows.  Just  that  simple  and  profound! 

"After  that  conference  I  used  to  quiz  Professor  Stewart  occasion- 
ally on  what  the  phrase  'highest  and  best'  precisely  meant  to  him, 
what  its  content  was.  He  did  not  want  to  be  too  specific  about  it,  in 
fact,  its  nonspecific  character  was  an  essential  in  his  thought,  but  we 
who  knew  him  know  perfectly  well  what  some  of  its  elements  were. 
One  element  was  his  belief  in  the  creative  powers  which  every 
human  being  possesses  in  larger  or  smaller  measure,  and  the  obliga- 
tion upon  each  one  to  use  these  powers.  I  have  heard  him  give  many 
a  talk,  in  and  out  of  the  university  which  might  well  have  had  as  a 
text  the  Biblical  counsel,  'Stir  up  the  gift  of  God  within  you.'  Another 
element  in  the  constituency  of  his  formula  was  a  warm,  sparkling 
friendship  that  transcended  honest  differences  of  opinion,  even  on 
important  subjects  like  religion.  To  this  'highest  and  best'  he  was 
utterly  loyal.  That  is  why  he  was  such  a  bulwark  of  strength  in  the 
interreligious  School  of  Religion  from  its  earliest  beginnings.  I  have 
just  received  from  Dr.  O.  D.  Foster,  a  warm  friend  and  admirer  of 
Professor  Stewart,  and  the  originator  of  the  idea  and  essential  plan 
of  the  School,  a  letter  in  which  he  wrote  that  at  the  first  conference 
about  the  School  on  this  campus,  one  of  the  most  heartening  factors 
was  a  talk  by  Professor  Stewart  in  which  he,  a  noted  scientist,  en- 
thusiastically approved  the  project.  I  have  often  said — and  for  this 
I  could  cite  many  a  chapter  and  verse — that  Professor  Stewart  could 
and  did  defend  the  philosophy  of  the  School  of  Religion  better  than 
I,  its  long-time  director,  and  by  defense  I  mean  both  intellectually 
and  in  practical  relationships.  There  was  between  him  and  certain 
Catholics  and  Jews  in  this  School  a  spontaneous,  free-wheeling 
camaraderie,  that  I  have  never  seen  excelled.  It  was  indeed  fitting 
that  during  the  last  several  months  of  his  life  he  served  as  president 
of  the  board  of  trustees  of  the  School. 
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"Well,  our  friend,  as  we  say  'is  gone.'  But  I  am  sure  that  spiritually 
he  went  with  a  cheery  wave  of  the  hand.  On  returning  to  Iowa  City 
from  a  year's  absence,  I  called  on  him  a  few  weeks  ago,  and  found 
him  his  old  interested  and  interesting  self,  fully  prepared  as  he  ex- 
pressly told  me,  to  meet  and  take  whatever  might  come.  To  me  he 
was  and  is  one  of  God's  princely  sons  who,  though  gone,  lives  on 
forever!" 

This  is  a  very  fine  tribute  to  this  man  who  had  so  many  interests 
in  life. 

One  can  trace  his  scientific  activity  and  thought  by  looking 
through  the  list  of  published  papers  which  is  given  below. 
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THOMAS  WAYLAND  VAUGHAN 

September  20, 1870 — January  16,  7952 

BY  THOMAS   G.  THOMPSON 


ALONG  AND  DISTINGUISHED  lifetime  of  devotion  to  science  was 
brought  to  a  close  on  January  16,  1952,  by  the  passing  of  the 
eminent  geologist  and  oceanographer,  Thomas  Wayland  Vaughan. 

Born  in  Jonesville,  Texas,  on  September  20,  1870,  Thomas  Way- 
land  was  one  of  five  children  in  the  Vaughan  family.  His  mother, 
born  Annie  R.  Hope,  was  reared  and  educated  in  the  traditions  of 
the  old  South.  His  father  was  Dr.  Samuel  Floyd  Vaughan,  a  country 
physician  who,  in  the  course  of  time,  became  a  land  owner  of  some 
magnitude.  Dr.  Samuel  Vaughan  was  an  ardent  scholar  and  during 
his  lifetime  he  assembled  one  of  the  finest  libraries  in  his  locality. 
He  served  as  first  president  of  the  Harrison  County  Medical  Society 
and  was  a  member  of  the  Texas  Medical  Association;  the  Tri-State 
Medical  Society  of  Texas,  Louisiana,  and  Arkansas;  the  American 
Medical  Society,  and  the  Texas  Historical  Society. 

From  earliest  colonial  times  until  the  end  of  the  Civil  War,  the 
family  belonged  to  the  land-  and  slave-owning  class  of  southerners, 
and  many  of  Thomas  Wayland  Vaughan's  forebears  were  prominent 
in  government  or  military  affairs.  Among  his  ancestors  were 
Thomas  Loving  (1610-1665),  surveyor  general  of  Virginia  and  a 
member  of  the  House  of  Burgesses  for  James  City;  John  Nevil 
(1612-1664),  who  came  from  England  in  the  "Ark  and  Dove"  in 
1634,  and  who  settled  in  Maryland  to  become  a  member  of  the 
Council  and  the  Assembly;  and  Sir  Thomas  Lunsford  (1610-1653), 
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who  came  to  Virginia  in  1649.  Vaughan's  grandfather  was  a  colonel 
in  the  Missouri  State  Militia,  and  had  the  distinction  of  serving  twice 
in  the  Missouri  State  Legislature  and  later,  after  the  Civil  War,  was 
twice  a  member  of  the  Louisiana  State  Legislature. 

Young  Vaughan  grew  up  in  a  home  well  supplied  with  excellent 
books,  and  he  was  given  the  utmost  encouragement  to  read  and 
study.  His  formal  childhood  education  was  in  the  local  public 
schools  in  Texas  and  by  private  tutor.  When  he  entered  Tulane  Uni- 
versity as  a  freshman  in  1885,  Vaughan  intended  to  prepare  for  the 
medical  profession,  but  he  became  interested  in  the  development  of 
the  knowledge  of  electricity  and  its  practical  applications  and,  as  a 
consequence,  he  graduated  in  what  Tulane  at  that  time  called  "The 
Physical  Science  Course."  In  his  later  years  Dr.  Vaughan  was  an 
advocate  of  the  principle  of  broad  undergraduate  curricula  in  prepa- 
ration for  later  specialized  studies.  Illustrative  of  his  own  interest  in 
philosophy  and  literature,  as  well  as  in  the  physical  sciences,  is  the 
fact  that  although  he  received  a  Bachelor  of  Science  degree  in  the 
physical  science  course,  he  wrote  and  read  a  paper  on  Oliver  Gold- 
smith at  the  commencement  exercises. 

From  September,  1889,  until  June,  1892,  Vaughan  was  an  instruc- 
tor in  physics  and  chemistry  at  Mount  Lebanon,  Louisiana,  at  an 
institution  which  would  be  comparable  to  a  junior  college  of  today. 
As  an  undergraduate  he  had  become  fascinated  by  the  problems  of 
evolution  and  the  history  of  the  earth,  and  before  he  was  eighteen 
he  experienced  the  thrill  of  making  his  first  discovery  of  fossils — 
near  his  father's  home  in  Texas.  While  Vaughan  was  at  Mount 
Lebanon  he  studied  the  local  flora  and  fauna,  and  in  1893  ^e  Pub- 
lished  his  first  papers — on  the  land  and  fresh-water  Mollusca  and  the 
trees  of  northwest  Louisiana.  It  was  during  his  stay  at  Mount  Leba- 
non that  he  made  his  first  extensive  collection  of  fossils — the  pres- 
ence of  mollusks  and  corals  in  a  middle  Eocene  deposit  stimulated 
Vaughan's  thinking  about  the  problems  of  organisms  and  environ- 
ment and  more  particularly  about  the  conditions  under  which  ma- 
rine organisms  and  sediments  were  deposited.  In  the  summer  of 
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1892,  he  served  as  an  assistant  to  Dr.  Otto  Lerch,  the  State  Geologist 
of  Louisiana. 

In  1892  Thomas  Wayland  Vaughan  knew  without  hesitation  that 
he  wanted  to  be  a  paleontologist.  He  had  taken  a  course  in  botany 
at  Harvard  in  the  summer  of  1890,  and  in  the  autumn  of  1892  he 
returned  to  Harvard.  Feeling  that  he  was  weak  in  biology,  he  took 
all  the  lower  division  courses  in  biology,  all  the  courses  in  paleontol- 
ogy, and  several  courses  in  geology.  Harvard  granted  him  a  Bachelor 
of  Arts  degree  in  1893  and  a  Master  of  Arts  degree  in  1894.  He  was 
registered  as  a  nonresident  student  at  Harvard  for  several  years  and 
in  1903  he  received  the  degree  of  Doctor  of  Philosophy,  his  thesis 
being  a  comprehensive  account  of  the  Cenozoic  corals  of  the  United 
States,  Eocene  and  Oligocene  Corals  of  the  United  States. 

In  the  years  from  1894  to  1903,  prior  to  receiving  his  doctorate, 
Wayland  Vaughan  served  the  U.  S.  Geological  Survey  as  assistant 
geologist.  In  1897  he  was  a  delegate  to  the  International  Geological 
Congress  in  Russia,  and  was  able  to  devote  much  time  to  the  study 
of  the  collections  of  corals  in  European  museums.  It  was  during  this 
time  in  Europe  that  he  studied  paleontology  under  Dr.  Ritter  J.  A. 
van  Zittel,  and  on  this  trip  he  made  many  lifelong  friends,  including 
Sir  lohn  Murray,  who  was  of  great  influence  in  Vaughan's  oceano- 
graphic  work. 

Between  1901  and  1923  Vaughan  took  part  in  geological  investiga- 
tions in  two  large  areas,  and  published  more  than  100  papers  as  a 
result  of  his  findings. 

The  first  of  these  areas  included  the  West  Indies  and  the  Panama 
Canal  Zone.  In  1901  Vaughan  was  a  member  of  a  party,  under  the 
direction  of  Dr.  C.  Willard  Hayes,  which  made  a  geological  recon- 
naissance of  Cuba  for  the  Military  Governor,  Major  General  Leonard 
Wood.  Vaughan  spent  some  time  during  1911  in  the  Panama  Canal 
Zone  on  behalf  of  the  U.  S.  Geological  Survey  and  the  Smithsonian 
Institution;  this  work  was  done  partly  in  cooperation  with  the 
Panama  Canal  Commission.  Under  the  auspices  of  the  Carnegie 
Institution  of  Washington  in  1914,  Vaughan  made  an  expedition  to 
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those  West  Indian  islands  that  lie  north  of  Guadalupe  and  west  of 
Puerto  Rico.  From  1919  to  1921  he  directed  reconnaissance  geological 
surveys  of  both  the  Dominican  and  the  Haitian  Republics.  Most  of 
the  expense  of  these  surveys  was  borne  by  the  governments  of  the 
two  republics  concerned,  but  the  work  was  done  by  the  U.  S.  Geo- 
logical Survey.  In  1919,  Vaughan  made  additional  geological  studies 
of  the  Virgin  Islands  and  eastern  Puerto  Rico  for  the  United  States 
Navy. 

The  second  of  diese  areas  included  the  Atlantic  and  the  Gulf  Coast 
Plains  from  Cape  Cod  to  the  Mexican  Border.  Investigations  were 
made  by  the  U.  S.  Geological  Survey  in  cooperation  with  a  number 
of  the  State  Geological  Surveys,  with  Vaughan  in  charge  of  the 
work  from  1907  until  1923.  From  1908  to  1915,  under  the  auspices  of 
the  Department  of  Marine  Biology  of  the  Carnegie  Institution  of 
Washington,  Vaughan  investigated  the  corals,  coral  reefs,  and  asso- 
ciated phenomena  in  Florida  and  the  Bahamas,  and  for  a  number  of 
years  he  held  the  record  for  having  published  more  papers  on  corals 
than  any  other  person. 

The  work  of  Wayland  Vaughan  on  corals  and  coral  reefs  will  be 
long  remembered;  he  gathered  and  published  much  information 
about  existing  and  fossil  reefs,  and  he  was  fully  aware  of  the  dangers 
of  generalizing  on  the  theory  of  reef  origins.  To  him,  each  reef 
structure  was  to  be  studied  as  a  separate  entity.  Although  he  con- 
tributed no  revolutionary  ideas  on  reef  origin,  his  definitive  work  has 
been  helpful  to  all  students  of  coral  reefs.  No  one  realized  more  than 
Vaughan  the  difficulty  in  classifying  corals,  and  he  once  told  a  stu- 
dent, "If  you  continue  studying  corals,  you  will  either  become 
famous  or  lose  your  mind!"  Vaughan  became  the  unquestioned  au- 
thority on  the  Mesozoic,  Cenozoic,  and  Recent  corals  of  the  United 
States,  eastern  Mexico,  the  West  Indies,  and  Panama.  His  contribu- 
tion in  1907,  The  Recent  Madreporaria  of  the  Hawaiian  Islands  and 
Laysan,  is  still  the  only  comprehensive  study  of  the  corals  of  this 
archipelago,  and  his  1918  monograph  on  the  Indo-Pacific  reef  corals 
is  the  next  landmark  after  Dana's  pioneer  work  in  1846. 
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At  a  comparatively  late  date,  at  the  age  of  fifty-four,  Dr.  Vaughan 
turned  to  another  major  field  of  endeavor — the  study  of  the  Larger 
Foraminifera.  Aware  of  the  difficulties  in  this  field  of  study,  he  was 
modestly  conscious  of  the  importance  of  his  own  work  and  that  of 
his  students.  Some  of  his  friends  affectionately  recall  his  comment 
to  the  GSA  editors,  "There's  no  need  to  send  my  manuscripts  on 
Larger  Foraminifera  to  anyone  except  Storrs  Cole;  likewise,  it's  no 
use  to  send  Cole's  manuscripts  to  anyone  except  me — no  one  else 
would  understand  them!"  Dr.  Vaughan  not  only  brilliantly  laid  the 
foundation  for  modern  research  on  the  Larger  Foraminifera,  but 
also  stimulated  and  trained  others  to  carry  on  the  work. 

The  third  major  contribution  made  to  science  by  this  talented 
worker  was  in  the  field  of  oceanography.  Beginning  with  his  studies 
on  the  ecology  of  marine  organisms  when  he  was  still  in  his  teens, 
and  continuing  under  the  influence  of  Sir  John  Murray,  Vaughan's 
interest  spread  to  marine  sediments  and  sedimentary  processes  and 
finally  to  physical  and  chemical  oceanography.  He  culminated  his 
work  in  oceanography  by  serving  for  twelve  years  as  Director  of  the 
Scripps  Institution  of  Oceanography  at  La  Jolla,  California,  develop- 
ing the  Institution  to  its  present  position  as  an  outstanding  center  of 
oceanographic  research  and  graduate  study.  Much  of  his  oceano- 
graphic  work  is  intimately  connected  with  his  activities  with  four 
major  committees,  on  which  he  served  for  a  considerable  period  of 
time. 

The  first  of  these  committees  was  the  Committee  on  Sedimenta- 
tion, formed  in  1919  with  the  assistance  of  several  geological  col- 
leagues and  organized  under  the  Division  of  Geology  and  Geography 
of  the  National  Research  Council.  He  was  chairman  of  this  commit- 
tee until  1923,  when  he  was  succeeded  by  Professor  W.  H.  Twen- 
hofel  of  the  University  of  Wisconsin.  As  a  result  of  the  efforts  of  this 
committee,  not  only  was  a  great  deal  of  research  on  both  ancient 
and  modern  sediments  stimulated,  but  now  courses  in  sedimentation 
are  given  in  most  of  the  principal  universities  of  the  country.  Major 
contributions  of  this  committee  included  the  preparation  of  a  large 
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volume  entitled  Treatise  on  Sedimentation  by  Professor  Twenhofel, 
and  a  color  chart  for  the  description  of  sediments  prepared  by  M.  I. 
Goldman  and  others. 

Another  committee  organized  under  the  Division  of  Geology  and 
Geography  of  the  National  Research  Council  was  the  Committee  on 
Sound  Sounding  and  Oceanographic  Thermographs.  Organized  in 
1922  and  changed  in  1926  to  the  Committee  on  Submarine  Con- 
figuration and  Oceanic  Circulation,  this  committee  was  disbanded 
in  19323  but  throughout  its  entire  life  Vaughan  served  as  its  chair- 
man. The  reports  of  this  committee  became  comprehensive  accounts 
of  current  oceanographic  activities  throughout  the  world. 

At  the  third  Pan-Pacific  Congress,  held  in  Tokyo  in  1926,  the 
International  Committee  on  the  Oceanography  of  the  Pacific  was 
formed  with  Dr.  Vaughan  as  its  chairman.  This  committee  not  only 
enormously  stimulated  oceanographic  research  in  the  Pacific,  but 
it  became  a  medium  whereby  the  different  oceanographic  organiza- 
tions of  the  Pacific  Basin  could  coordinate  their  efforts.  The  record 
of  accomplishments  of  this  committee,  between  the  time  of  the 
Pacific  Science  Congress  held  in  Java  in  1929  and  that  held  in  Van- 
couver and  Victoria  in  1933^  has  been  cited  as  an  example  of  the 
usefulness  of  the  Pacific  Science  Association.  Vaughan  served  as 
chairman  of  this  committee  for  ten  years. 

The  fourth  committee  to  which  Vaughan  gave  much  of  his  atten- 
tion was  the  Committee  on  Oceanography  in  the  National  Academy 
of  Sciences.  This  committee  was  appointed  by  the  President  of  the 
Academy  in  1927.  It  originally  consisted  of  Frank  R.  Lillie  as  Chair- 
man; William  Bowie;  E.  G.  Conklin;  B.  M.  Duggar;  J.  C.  Merriam; 
and  T.  W.  Vaughan.  It  was  largely  through  the  efforts  of  this  com- 
mittee that  much  of  the  oceanographic  work  done  in  the  past  quarter 
of  a  century  in  the  United  States  was  stimulated  or  brought  into 
being.  The  Woods  Hole  Oceanographic  Institution  and  the  Oceano- 
graphic Laboratories  at  the  University  of  Washington  came  into 
existence  as  a  result  of  the  efforts  of  this  committee,  and  the  Scripps 
Institution  of  Oceanography  at  La  Jolla  was  greatly  helped  by  its 


THOMAS    WAYLAND    VAUGHAN  405 

activities  and  recommendations.  In  1932  Vaughan  was  commis- 
sioned by  this  committee  to  make  a  tour  of  the  oceanographic  insti- 
tutions around  the  world  in  order  to  prepare  a  report  on  the  inter- 
national aspects  of  oceanography,  the  purpose  of  the  journey 
being  to  supplement  information  which  he  had  already  prepared. 
Vaughan's  report,  The  International  Aspects  of  Oceanography,  ap- 
peared in  book  form  in  1937  and  stressed  the  importance  of  inter- 
national cooperation  in  oceanographic  research.  It  provided  a  com- 
plete census  of  existing  oceanographic  institutions,  both  those  of 
international  character  and  those  of  national  scope. 

In  addition,  Dr.  Vaughan  organized  in  1940  a  subcommittee  of 
the  ecology  of  marine  organisms  as  a  part  of  the  Committee  on  Geo- 
logical Research  of  the  National  Academy  of  Sciences.  Later  this 
became  the  Committee  on  Marine  Ecology  as  Related  to  Paleon- 
tology, and  one  of  its  major  aims  was  to  prepare  a  treatise  on  ecology, 
with  emphasis  on  geological  interpretation.  Because  of  his  failing 
eyesight,  Dr.  Vaughan  resigned  from  the  Committee  a  few  months 
before  his  death.  The  Committee  published,  in  two  volumes,  a 
Treatise  on  Marine  Ecology  and  Paleontology,  as  part  of  the  memoir 
scries  of  the  Geological  Society  of  America.  Volume  2,  Paleoecology, 
was  distributed  in  March,  1957,  and  Volume  i  later  the  same  year. 
That  the  Committee  recognized  the  importance  of  Vaughan's  work 
is  indicated  by  the  dedication  of  both  volumes  of  the  Treatise  to 
Dr.  Vaughan. 

About  1922,  prior  to  the  retirement  of  Dr.  W.  E.  Ritter,  who  was 
then  director  of  the  Scripps  Institution  for  Biological  Research,  the 
administrative  officers  of  the  University  of  California  decided  to 
convert  the  Scripps  Institution  from  biological  research  to  oceano- 
graphic research.  Vaughan  was  offered  the  directorship  of  the  Insti- 
tution in  the  spring  of  1923,  and  he  accepted  and  assumed  office  as 
Director  of  the  Institution  on  February  i, 1924.  Shortly  thereafter  the 
name  of  the  Institution  was  changed  to  the  Scripps  Institution  of 
Oceanography  and,  largely  through  the  efforts  of  Vaughan,  Scripps 
has  become  one  of  the  outstanding  oceanographic  organizations  in 
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the  world.  Vaughan  instituted  a  program  in  dynamic  and  physical 
oceanography  which  has  been  considerably  expanded  through  the 
years,  and  he  also  initiated  programs  in  various  aspects  of  chemical 
and  geological  oceanography.  The  program  in  biology  was  con- 
tinued and  augmented.  During  Vaughan's  directorship  at  Scripps, 
not  only  was  the  oceanographic  research  expanded,  but  many  addi- 
tions were  made  to  the  physical  plant  of  the  Institution. 

Dr.  Vaughan  was  a  delegate  from  the  United  States  to  the  first  six 
Pan-Pacific  Science  Congresses:  Honolulu,  1920;  Melbourne  and 
Sydney,  Australia,  1923;  Japan,  1926;  Java,  1929;  Vancouver  and 
Victoria,  1933;  and  San  Francisco,  1936.  Among  his  active  associa- 
tions were:  Delta  Tau  Delta;  National  Academy  of  Sciences;  Sigma 
Xi;  American  Academy  of  Arts  and  Sciences  (fellow) ;  American 
Philosophical  Society;  American  Association  for  Advancement  of 
Sciences  (president,  Pacific  division  1930-31) ;  Geological  Society  of 
America  (president,  Cordilleran  section,  1923,  president,  1939); 
Association  of  American  Geographers;  Paleontological  Society 
(president,  1923) ;  American  Meteorological  Society  (fellow) ;  Cali- 
fornia Academy  of  Sciences;  San  Diego  Natural  History  Society 
(president,  1925) ;  Seismological  Society  of  America;  American  Geo- 
physical Union  (chairman,  Section  on  oceanography,  1926-28); 
Geological  Society  of  Washington  (president,  1915);  Ecological 
Society;  Society  for  Experimental  Biology  and  Medicine;  Academy 
of  Natural  Sciences  of  Philadelphia;  Italian  Royal  Geographical  So- 
ciety; Royal  Science  Society  in  the  Netherlands  Indies;  Zoological 
Society  of  London;  Linnean  Society  (foreign  member);  Geological 
Society  of  London. 

During  the  course  of  his  busy  and  productive  career,  Wayland 
Vaughan  found  satisfaction  in  pursuing  at  least  three  avocations — 
the  study  of  comparative  religions,  of  old  Teutonic  legends,  and  of 
oriental  art.  He  became  so  fond  of  Japanese  customs  and  art  that  in 
his  sixties  he  mastered  the  Japanese  language  and  was  in  much  de- 
mand as  a  lecturer  on  oriental  art.  In  1933,  Emperor  Hirohito  hon- 
ored him  in  private  audience  and  presented  him  with  a  beautiful 
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cloisonne  vase  as  a  token  of  the  love  and  esteem  for  Dr.  Vaughan 
in  the  hearts  of  Japanese  scientists. 

In  19363  at  the  time  of  his  automatic  retirement  as  Director  of  the 
Scripps  Institution  at  the  age  of  sixty-five,  Dr.  Vaughan  chose  to 
resume  his  paleontologkal  studies  at  the  U.  S.  National  Museum  in 
Washington.  Here  he  pursued  his  systematic  research  on  the  Larger 
Foraminifera  and  other  studies. 

After  a  severe  attack  of  pneumonia  in  1947,  the  eyesight  of  this 
outstanding  scientist  became  permanently  impaired.  The  partial 
blindness  ended  his  own  scientific  work,  but  he  retained  a  keen  in- 
terest in  the  scientific  work  of  others,  and  in  the  workers  themselves. 
During  this  difficult  time  of  adjusting  to  a  life  in  which  he  was 
unable  to  read  or  study,  Dr.  Vaughan  arranged  to  listen  for  two  or 
more  hours  each  day  to  friends  and  students  who  read  to  him  the 
scientific  literature  which  he  himself  had  done  so  much  to  enrich. 
He  had  a  phenomenal  memory  and  thus  was  able  to  keep  in  touch 
with  his  special  fields  of  interest. 

Dr.  Vaughan  was  a  man  of  average  stature,  about  five  feet  nine 
inches  in  height,  and  weighed  about  160  pounds.  In  his  younger 
days  his  hair  was  dark,  but  before  he  was  thirty  he  was  bald.  His 
keen  eyes  were  gray-blue,  and  he  affected  a  beard,  reddish-brown  in 
his  younger  days,  but  white  as  he  became  older.  He  was  character- 
ized by  a  certain  brusqueness  of  manner  which  never  concealed  his 
innate  good  humor  and  sociable  nature.  Vaughan  was  strong-willed, 
but  he  was  always  open  to  evidence  suggesting  that  his  often  strong 
opinions  might  be  changed.  A  meticulous  worker  himself,  he  set 
great  store  on  accuracy  in  all  things.  He  was  known  for  his  ruthless 
criticism  of  manuscripts  and  never  hesitated  to  express  himself  force- 
fully. Many  of  his  fellow  workers  will  remember  the  apprehension 
with  which  they  awaited  his  comments  on  a  manuscript— many 
papers  had  to  be  completely  rewritten  to  meet  his  exacting  stand- 
ards, and  great  was  an  author's  pleasure  when  a  paper  received  Dr. 
Vaughan's  approval. 

A  famous  host,  Wayland  Vaughan  thoroughly  enjoyed  social 
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occasions  and  the  company  of  his  friends.  Even  after  his  partial 
blindness,  he  attended  special  affairs  at  the  Cosmos  Club  and  the 
National  Academy  of  Sciences. 

Mrs.  Vaughan,  nee  Dorothy  Quincy  Upham,  shared  her  husband's 
rich  and  active  life  from  the  time  of  their  marriage  in  1909  to  her 
sudden  death  in  1949.  Their  daughter,  Caroline  Ely,  became  Mrs. 
James  H.  Fortune,  Jr. 

Wayland  Vaughan  was  a  prodigious  worker,  and  his  talents  were 
such  that  he  was  able  to  publish  nearly  four  hundred  titles,  many  of 
outstanding  importance.  This  he  did  while  carrying  on  his  adminis- 
trative work  with  distinction,  and  while  his  versatile  mind  found 
interest  in  his  avocations  and  in  community  and  international  affairs. 
He  was  the  organizing  secretary  of  the  National  Society  of  Fine  Arts 
in  Washington,  D.  C,  and  he  was  a  founder  and  charter  member 
of  the  American  Federation  of  Arts. 

Such  a  man  rightfully  received  many  honors,  among  them  the 
Agassiz  Medal  for  oceanography,  and  the  Mary  Clark  Thompson 
medal  for  geology  and  paleontology,  both  awarded  by  the  National 
Academy  of  Sciences;  and  the  Penrose  Medal  of  the  Geological 
Society  of  America.  The  Japanese  Government  awarded  him  the 
Order  of  the  Rising  Sun,  Third  Class.  The  Universities  of  California 
and  British  Columbia  honored  him  by  conferring  LL.  D.  degrees, 
and  Tulane  University  awarded  an  honorary  D.  Sc.  to  its  distin- 
guished alumnus  in  1944.  A  final  honor  in  the  closing  year  of  his 
life  was  a  symbol  of  the  impact  of  his  life  on  the  development  of 
modern  oceanography — with  impressive  ceremonies,  the  Scripps  In- 
stitution dedicated  its  newest  and  finest  building  to  Thomas  Way- 
land  Vaughan. 

Vaughan's  long  life  of  accomplishment  is  an  example  of  the  dedi- 
cation of  a  brilliant  and  versatile  mind  to  science  in  its  broadest 
aspect.  In  oceanography,  in  geology,  in  paleontology,  his  death  on 
January  16,  1952,  left  a  gap  not  soon  to  be  filled.  Almost  sixty  of  his 
eighty-one  years  were  devoted  to  a  career  of  inspired  research,  and 
one  of  his  major  accomplishments  was  his  foresight  in  training 
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others  to  carry  on  work  that  he  had  started.  Throughout  his  career 
he  not  only  did  a  great  deal  of  work  with  others.,  but  he  had  the 
ability  to  stimulate  others  to  do  work  in  which  he  took  no  direct  part. 
No  memorial  can  do  justice  to  the  outstanding  scientific  accom- 
plishment and  tremendous  productivity  of  Dr.  Vaughan.  Perhaps 
the  most  fitting  summary  of  his  philosophy  was  a  statement  in  his 
speech  of  acceptance  at  the  presentation  of  the  Penrose  Medal  in 
1946.  President  Bowen  of  the  Geological  Society  of  America  had 
made  the  statement,  "Thomas  Way  land  Vaughan:  Student  of  the 
sea;  you  have  plumbed  its  depths;  you  have  conned  its  shallows  and 
its  flats;  especially  you  have  observed  the  living  beings  that  dwell  in 
its  quiet  expanses,  or  again,  near  its  rocky  shores.  You  have  pro- 
jected your  findings  into  the  past  and  have  thus  been  able  to  write 
for  us  the  story  of  ancient  seas  and  their  denizens  ...  in  a  splendid 
chronicle."  Dr.  Vaughan's  own  humble  words  of  reply  ring  out  as 
a  challenge  to  those  who  follow:  "To  have  helped  is  the  most  that 
any  one  may  hope  for — the  work  has  barely  begun!" 
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KEY  TO  ABBREVIATIONS 

Acad.  Nat.  Sci.  Phila.  Proc.  =  Academy  of  Natural  Sciences  o£  Philadelphia 
Proceedings 
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Amer.  Assoc.  Adv.  Sci. —  American  Association  for  the  Advancement  of  Science 
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Amer.  Geol. = American  Geologist 

Amer.  Geophys.  Union  Trans.  =  American  Geophysical  Union  Transactions 

Amer.  Jour.  Sci.  =  American  Journal  of  Science 

Amer.  Meteor.  Soc.  Bull.  =  American  Meteorological  Society  Bulletin 

Amer.  Nat.  =  American  Naturalist 

Ann.  Mag.  Nat.  Hist.  =  Annals  and  Magazine  of  Natural  History 

Assoc.  d'Oceanogr.  Phys.  =  Association  d'Oceanographie  Physique 

Assoc.  Amer.  Geogr.  Ann.  =  Association  of  American  Geographers  Annals 

Biol.  Soc.  Wash.  Proc.  =  Biological  Society  of  Washington  Proceedings 

Bur.  Econ.  Geol.  Texas  =  Bureau  of  Economic  Geology  of  Texas 

Calif.  Acad.  Sci.  Mem.  =  California  Academy  of  Sciences  Memoirs 

Calif.  Jour.  Develop.  =  Calif ornia  Journal  of  Development 
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Carnegie  Inst.  Wash.  Publ.  =  Carnegie  Institution  of  Washington  Publications 

Carnegie  Inst.  Wash.  Year  Book = Carnegie  Institution  of  Washington  Year 
Book 

Cong.  Geol.  Internat.  Comptes  Rend.  =  Congres  Geologique'  International 
Comptes  Rendus 

Div.  Geol.  Geogr.  Nat.  Res.  Counc.= Division  of  Geology  and  Geography  of 
the  National  Research  Council 

Ecol.  Mon.  =  Ecological  Monographs 

Eng.  Min.  Jour.  =  Engineering  and  Mining  Journal 

Fla.  Geol.  Surv.  Ann.  Rept.= Florida  Geological  Survey  Annual  Report 

Geogr.  Rev. = Geographical  Review 

Geol.  Mag.  =  Geological  Magazine 

Geol.  Soc.  Amer.  Bull.  =  Geological  Society  of  America  Bulletin 

Geol.  Surv.  Ga.  Bull.  =  Geological  Survey  of  Georgia  Bulletin 

Johns  Hopkins  Univ.  Circ.= Johns  Hopkins  University  Circular 

Jour.  Geol.  =  Journal  of  Geology 

Jour.  Paleon.  =  Journal  of  Paleontology 

Md.  Geol.  Surv.  =  Maryland  Geological  Survey 

Mem.  Nat.  Acad.  Sci.  =  Memoirs  of  the  National  Academy  of  Sciences 

Mus.  Comp.  Zool.  Bull.  =  Museum  of  Comparative  Zoology  of  Harvard  Uni- 
versity Bulletin 
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Nat.  Res.  Coimc.  Bull.  =  National  Research  Council  Bulletin 
New  Zealand  Inst.  Trans.  =  New  Zealand  Institute  Transactions 
Pac.  Sci.  Cong.  =  Pacific  Science  Congress 

Pan-Pac.  Sci.  Conf.  Proc.  =  Pan-Pacific  Scientific  Conference  Proceedings 
Phila.  Acad,  Nat,  Sci.  Proc,  =  Philadelphia  Academy  of  Natural  Sciences  Pro- 
ceedings 

Pop.  Sci.  Mo.  =  Popular  Science  Monthly 

Proc.  Internat.  Zool.  Cong.  =  Proceedings  of  the  International  Zoological  Con- 
gress 

Proc.  Nat.  Acad.  Sci.  =  Proceedings  of  the  National  Academy  of  Sciences 
Quart.  Jour.  Geol.  Soc.  =  Quarterly  Journal  of  the  Geological  Society 
Sci.  Mo.  =  Scientific  Monthly 

Smithsonian  Inst.  Ann,  Rept.  =  Smithsonian  Institution  Annual  Report 
Smithsonian  Inst.  Misc.  Coll.  =  Smithsonian  Institution  Miscellaneous  Collec- 
tions 

Southern  Med.  Jour,  =  Southern  Medical  Journal 
U.  S.  Fish  Comm.  Bull.  =  United  States  Fish  Commission  Bulletin 
U.  S.  Geol.  Surv.  Ann.  Rept.  =  United  States  Geological  Survey  Annual  Report 
U.  S.  Geol.  Surv.  Bull.  =  United  States  Geological  Survey  Bulletin 
U.S.  Geol.  Surv.  Prof.  Papers = United  States  Geological  Survey  Professional 

Papers  , 

U.  S.  Nat.  Mus.  Bull.  =  United  States  National  Museum  Bulletin 
U.  S.  Nat.  Mus.  Proc. = United  States  National  Museum  Proceedings 
U.  S.  Naval  Med.  Bull.  =  United  States  Naval  Medical  Bulletin 
Univ.  Calif.  Publ.  Dept.  Geol.  Bull.  =  University  of  California  Publications, 

Department  of  Geology  Bulletin 

Verhandl.  Ozeanogeographischen  Konferenz,  gesellsch.  Erdk.   Berlin  =  Ver- 
handlungen  der  Ozeanogeographischen  Konferenz,  Gesellschaft  fur  Erd- 
kunde 
Wash.  Acad.  Sci.  Jour. = Washington  Academy  of  Sciences  Journal 
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yoHN  VON  NEUMANN'S  academic  career  was  in  mathematics,  even 
J  though  he  was  very  much  associated  with  theoretical  physics 
and  to  an  extent  with  theoretical  economics.  He  began  his  career  in 
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was  laying  plans  for  a  treatise  in  the  "logics"  underlying  the  mathe- 
matical foundations  of  games  and  strategies  with  applications  to 
economics,  of  the  theory  of  codifying  instructions  to  computing  ma- 
chines, and  of  the  theory  of  networks  both  electrical  and  nervous. 
The  activities  mentioned  did  not  complete  his  professional  life  by 
any  means.  But  in  a  sense  they  were  very  characteristic  of  the  man 
and  his  basic  style. 

The  contemporary  mathematical  activities  we  have  just  enumer- 
ated, in  which  von  Neumann  so  excelled,  whatever  their  implica- 
tions for  mid-century's  modern  man  and  whatever  their  fascination 
for  the  philosopher  in  search  of  modernity,  are  not  yet  too  well 
established  with  the  old-line  mathematician,  and  the  density  of  their 
mathematical  content  is  as  yet  not  always  deemed  to  be  optimal.  In 
fact,  von  Neumann's  mathematician's  mathematics  was  of  stronger 
texture  by  its  very  nature,  and  his  prowess  in  theoretical  physics  also 
had  to  maintain  itself  rather  more  competitively.  But  his  lifelong 
commitment  to  questions  of  logics,  axiomatization,  and  formaliza- 
tion  was  expressive  of  his  mathematical  personality,  nonetheless. 
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In  his  more  traditional  achievements  he  had  his  peers,  and  in  his 
work  in  theoretical  physics  he  did  not  originate  a  basic  verity  as 
several  of  his  contemporaries  in  the  1920$  did.  But  if  to  his  pre- 
ponderance in  mathematics  and  physics,  and  his  familiarity  with 
many  other  problems  of  science,  one  adds  his  momentous  excursion 
into  the  theory  of  rational  behavior — as  the  implications  of  games 
and  strategies  are  named  by  some — then  it  can  be  said  that,  among 
mathematicians  at  any  rate,  he  was  an  exceptional  contemporary 
indeed.  By  intellectual  faculty  he  was  a  mathematician,  but  by  spe- 
cies he  was  a  scientific  man  within  all  the  major  connotations  of 
today,  from  esoteric  ones  to  those  of  popular  appeal 

His  effectiveness  was  largely  due  to  his  ever-present  mental  ma- 
nipulatory quickness.  He  could  literally  "think  on  his  feet,"  and 
much  of  his  best  work  may  have  received  its  initial  impulse  in  just 
this  way.  He  had  a  prodigious  memory,  and  legend  has  it  that  he 
knew  all  the  facts  and  dates  from  many  volumes  of  standard  histo- 
ries by  heart. 

Apart  from  achievements  in  the  areas  enumerated  above,  the  high 
points  of  his  work  are  as  follows:  (i)  the  extension  of  operators  in 
Hilbert  space  from  bounded  to  unbounded  ones  (#  30  of  the  Bibli- 
ography), (2)  almost  periodic  functions  on  groups  (#  52),  and  (3) 
his  masterwork,  algebras  of  bounded  operators  in  Hilbert  space  (be- 
ginning with  #  62) .  To  these  one  might  add  (4)  his  definition  of 
a  "state"  in  quantum  theory  as  an  element  in  a  Hilbert  space  (be- 
ginning with  #  9)  and  (5)  the  introduction  of  analytic  parameters 
in  a  locally  Euclidean  group  in  the  compact  case  (#48). 

i.  His  theory  of  non-bounded  operators  in  Hilbert  space  was  ar- 
resting. The  naturalness  with  which  he  axiomatized  the  Hilbert 
space  and  introduced  concepts  like  maximal  operator,  hypermaximal 
operator,  deficiency  of  an  operator,  etc.,  was  breathtaking  to  specialist 
and  nonspecialist  alike.  And  yet  there  was  nothing  greatly  contrived 
in  the  analysis,  nor  was  there  anything  that  some  of  the  other  mathe- 
maticians who  were  familiar  with  the  topic '  could  not  have  really 
done.  As  a  matter  of  fact,  Frederic  Riesz,  who  had  known  the  theory 
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as  well  as  anybody,  after  catching  his  breath  wrote  a  comment  on  the 
new  theory,  in  the  introduction  to  which  he  asks  himself  somewhat 
plaintively  what  he,  Frederic  Riesz,  had  been  doing  with  himself 
all  these  years. 

2.  His  theory  of  almost  periodic  functions  on  groups  was  glamor- 
ous. It  soon  turned  out  that  syllogistically  the  theory  can  be  put  to- 
gether much  more  simply  than  von  Neumann  had  done  it.  But  the 
effect  of  the  theory,  especially  on  the  so-called  Abstract  Harmonic 
Analysis  which  was  soon  to  emerge,  was  a  decisive  one,  and  he  fully 
deserved  obtaining  the  Bocher  prize  for  it. 

3.  The  theory  of  algebras  of  operators,  written  in  important  phases 
in  collaboration  with  F.  J.  Murray,  has  not  the  ease  and  naturalness 
of  much  of  his  earlier  work  and  it  is  somewhat  heavy  in  the  man- 
ner of  composition,  but  in  strength,  tenacity,  and  importance  it  is 
not  outdone  by  anything  in  its  generation.  Any  representation  of  a 
group  by  bounded  operators  (in  an  infinitely  dimensional  space) 
can  be  enlarged  to  such  a  representation  of  the  enveloping  group 
algebra  and  thus  subsumes  under  the  Murray-von  Neumann  theory. 
Now  it  is  a  fact  that  the  theory  of  representations  in  the  particular 
case  of  a  group  algebra  has  been  and  continues  to  be  strongly  guided 
by  the  more  general  theory,  and  in  certain  parts  must  still  rely  on 
taking  over  results  directly  from  it. 

4.  Dr.  von  Neumann's  papers  in  the  19205  on  the  foundations  of 
quantum  mechanics  and  their  effect  on  thermodynamics  were  ex- 
tremely mature.  His  formal  definition  of  a  physical  "state"  as  being 
a  point  in  a  Hilbert  space  representing  the  system  was  as  readily  ac- 
cepted by  physicists  as  if  it  had  been  the  most  obvious  thing  since 
creation,  and  this  concept  of  a  "state"  has  had  some  repercussions 
in  a  purely  mathematical  context  as  well. 

5.  His  solution  of  "Hilbert's  fifth  problem"  in  the  compact  case 
had  no  bearing  on  the  subsequent  solution  by  others  in  the  non-com- 
pact case,  but  it  is  nonetheless  interesting  as  an  achievement  of  von 
Neumann's.  He  shows  in  it  his  mastery  of  finite  linear  representa- 
tions, and  he  employs  in  it  the  group  invariant  measure  which  had 
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just  been  found  by  Haar.  It  is  somewhat  surprising  that  von  Neu- 
mann did  not  construct  the  group  invariant  measure  himself,  since 
measure  theory,  as  a  bridge  between  Boolean  algebras  and  linear 
functional  on  vector  spaces,  was  very  close  to  his  thinking.  But  at 
any  rate,  soon  after  tfiis  measure  had  been  introduced,  he  studied 
it  extensively  and  contributed  much  to  its  propagation. 

Dr.  von  Neumann  also  attached  major  standing  to  his  work  on 
the  ergodic  theorem,  1931-32  (#41).  On  one  occasion,  he  listed  his 
essential  work  under  the  following  three  headings:  the  papers  on 
quantum  mechanics  in  the  1920$;  his  total  work  in  operator  theory, 
1930-39;  his  version  of  the  ergodic  theorem. 

Most  of  von  Neumann's  published  work  involves  in  a  decisive 
phase  linear  spaces,  finite  or  infinitely  dimensional  ones,  or  func- 
tionals  and  linear  operations  between  such.  The  approach  via  linear 
spaces  covers,  or  can  be  made  to  cover,  a  large  part  of  the  total 
mathematical  area  nowadays.  Still,  an  important  part  of  the  land- 
scape is  not  included  in  it.  It  leaves  out  almost  anything  which 
involves  "geometry"  in  a  proper  global  sense,  such  as  topology,  dif- 
ferential geometry  and  harmonic  integrals,  general  relativity  glob- 
ally, algebraic  geometry,  etc.  Into  this  kind  of  mathematics  von 
Neumann  ventured  rarely,  if  at  all,  and  he  actually  had  no  affinity 
with  it  in  his  thinking.  An  incident  in  his  work  may  illustrate  this. 
In  1929  he  published  the  important  result  (#  24)  that  a  group  of 
linear  transformations  in  a  finite  dimensional  space,  if  closed,  is  a 
Lie  group.  £lie  Cartan,  who  was  a  geometer,  immediately  recog- 
nized that  the  theorem  is  a  special  case  of  the  general  proposition 
that  a  closed  subgroup  of  a  Lie  group  is  again  a  Lie  group,  and  he 
proved  it  by  the  same  procedure,  although  in  an  abbreviated  form. 
There  is  hardly  a  young  mathematician  today  who  realizes  that  this 
familiar  general  proposition  was  von  Neumann's  discovery  origi- 
nally. 

The  various  parts  of  mathematics  which  involved  geometry  have 
of  late  been  tending  to  coalesce  into  one,  and  thus  to  restratify  the 
classical  traditional  body  of  mathematics  into  a  new  pattern.  This  is 
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a  significant  development,,  and  to  a  historical  observer  it  would 
almost  appear  as  if  this  mathematics  were  harking  back  to  its 
Pythagorean  origin,  when  all  mathematics  was  geometry  and  "struc- 
ture" in  dissoluble  union,  by  deliberate  design,  and  less  naively  so 
than  is  sometimes  assumed.  On  the  other  hand,  the  mathematics 
of  logical  and  operational  approach,  to  which  von  Neumann  was 
gravitating  by  natural  disposition,  is  also  aware  of  its  origin  geneti- 
cally, but  in  a  rather  more  negating  manner  on  the  whole,  and  in  a 
much  more  consciously  modern  and  even  antagonistic  spirit.  Many  a 
chapter  in  mathematical  logic  or  semantics  is  like  a  page  from  Aris- 
totle's Organon  or  Rhetoric,  but  with  all  sentences  crossed  out  and 
each  replaced  by  an  entirely  different  one  on  the  margin. 

In  short,  there  are  two  trends  of  modernism  discernible  in  mathe- 
matics today.  One  is  incisive,  emphatic,  frequently  stirring,  and  al- 
ways provocative.  The  other  is  a  kind  of  regeneration  with  an  ele- 
ment of  traditionalism  operating  as  a  positive  motive  power  in  it. 
Von  Neumann  did  not  share  in  the  latter. 

John  von  Neumann  always  had  the  natural  air  of  someone  who 
had  been  reared  from  childhood  in  material  comfort.  He  was  born  on 
December  28,  1903,  in  Budapest,  Hungary,  the  eldest  of  three  sons, 
and  first  came  to  the  United  States  when  he  was  twenty-seven  years 
old.  His  brothers  and  his  widowed  mother  also  came  here,  and  his 
mother  died  during  von  Neumann's  illness,  only  six  months  before 
his  death.  His  father,  Max  von  Neumann,  was  a  banker.  First 
manager  and  later  vice-president  of  a  major  bank,  he  finally  was 
made  one  of  the  partners  of  a  private  banking  firm,  all  in  Budapest. 
According  to  John,  it  was  his  father  who  encouraged  him  to  choose 
a  career  in  science.  John  showed  a  pronounced  interest  in  mathe- 
matics from  the  age  of  thirteen.  He  was  also  a  great  reader  of  books 
on  history  throughout  his  life,  and  in  both  science  and  history  his 
retentive  memory  was  most  remarkable. 

He  attended  grammar  school  and  high  school  in  Budapest.  As  a 
youth  he  had  no  bent  towards  physical  or  sporting  activities.  And 
even  when  later  on  he  drove  some  very  dashing  looking  cars  with 
the  maximum  velocity  for  which  they  were  designed,  he  never 
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acquired  the  mien  of  a  "sporting  type."  He  did  claim,  however,  that 
he  had  once  learned  to  ride  a  bicycle,  but  admitted  that  a  pair  of 
trousers  was  part  of  the  "tuition  price."  In  his  teens  he  was  some- 
what gauche  and  not  quite  the  type  of  "leader."  But  there  was  noth- 
ing awkward  about  his  manner  in  later  life,  and  he  gave  the  im- 
pression of  considerable  collectedness  and  self-confidence.  He  was 
courteous  and  could  be  quite  jovial.  In  company  he  was  an  excellent 
raconteur.  He  never  smoked,  and  would  drink  but  rarely,  although 
he  would  sometime  simulate  gaiety  as  if  he  had  imbibed. 

Even  before  entering  on  college  studies,  he  was  co-author  of  a 
paper  (#  i  of  the  biblography)  at  the  age  of  eighteen.  He  studied 
two  years  at  the  University  of  Berlin,  1921-23,  and  also  took  courses 
in  chemistry.  Fritz  Haber,  the  then  academic  leader  of  chemistry  in 
Germany,  soon  met  him,  and  is  reported  to  have  said  to  friends  that 
he  expected  or  wished  that  von  Neumann  would  take  up  chemistry 
as  a  career.  John  went  from  Berlin  to  the  Institute  of  Technology  in 
Zurich,  Switzerland,  where  Hermann  Weyl  was  in  the  mathematics 
department  at  the  time.  He  left  the  Institute  in  1925  with  an  engi- 
neering degree  in  chemistry.  In  the  meantime,  he  had  begun  pub- 
lishing very  good  mathematical  papers  pertaining  to  axiomatic  set 
theory,  and  in  1926  he  was  awarded  a  doctorate  for  such  a  thesis  at 
the  University  of  Budapest.  This  enabled  him  to  secure  immediately 
a  position  as  Privatdozent  at  the  University  of  Berlin.  One  of  the 
ranking  mathematicians  there  was  Erhard  Schmidt,  known  mainly 
for  his  work  in  integral  equations,  who  also  had  a  strong  interest  in 
set  theory,  fostered  by  a  lifelong  friendship  with  Ernst  Zermelo,  of 
"Zermelo-axiom"  fame. 

John's  interest  soon  turned  to  the  recently  created  quantum  theory, 
which  was  produced,  packaged,  and  delivered  by  several  "young- 
sters" in  their  twenties,  barely  older  than  himself.  He  began  to  think 
through  the  mathematical  scheme  of  the  theory  in  his  own  terms 
and,  in  the  process,  learned  theoretical  physics,  and  readied  mathe- 
matical tools  for  future  use.  He  wrote  some  lengthy  articles  on 
quantum  theory,  and  there  are  indications  in  the  first  ones  that  it 
was  Max  Born's  statistical  interpretation  of  the  Schroedinger  wave 
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function  and  also  Born's  attempt  at  rigorization  of  approach  that 
put  von  Neumann  initially  on  the  track  of  becoming  one  of  the 
busiest  and  most  sought-after  scientific  consultants  to  military  and 
other  organizations  in  this  country. 

In  19283  between  papers  on  mathematical  logic  and  his  first  papers 
in  physics,,  he  "squeezed  in"  his  first  and  basic  paper  on  the  theory 
of  games.  There  had  been  forerunners  in  the  field  (E.  Zermelo,  H. 
Borel,  and  H.  Steinhaus,  among  others)  by  whom  most  of  the  con- 
cepts like  play  and  counterplay,  chance  and  deception,  pure  strategy 
and  mixed  strategy  had  been  anticipated  in  one  form  or  another. 
But  von  Neumann  brought  the  results  of  others  and  his  own  new 
ones  together,  clearly  and  axiomatically,  into  twenty-five  pages.  In 
the  briefest  of  footnotes  he  made  reference  to  the  analogy  with  some 
problems  in  economics,  and  in  another  footnote,  added  in  proof,  he 
made  reference  to  a  very  recent  note  of  BorePs  in  which  for  the  two- 
person  zero-sum  game  the  underlying  minimax  theorem  was  pro- 
posed, although  not  proven,  as  in  von  Neumann's  paper.  Eventually 
the  paper  grew  into  the  treatise  with  Oscar  Morgenstern  published 
by  the  Princeton  University  Press  in  1944  (#  90).  When  deciding 
to  print  the  book,  the  Press  was  cheerfully  resigned,  for  the  sake  of 
scholarship,  to  face  the  financial  deficit  they  expected.  But,  in  fact, 
they  had  to  reprint  the  book  in  1947  and  again  in  1953. 

The  quantum  theory  led  von  Neumann  naturally  to  a  re-examina- 
tion of  the  theory  of  operators  in  Hilbert  space  and,  while  still  in 
Berlin,  he  published  in  1929  his  paper  #  30  on  unbounded  operators. 
It  was  soon  followed  by  his  paper  #  31  on  algebras  of  operators,  the 
first  in  that  direction.  He  discussed  this  material  with  Erhard 
Schmidt,  who  had  some  influence  on  clarifying  the  distinction  be- 
tween maximal  (symmetric)  and  hypermaximal  (selfadjoint)  opera- 
tors. This  last  work  won  for  him  the  admiration  of  mathematicians. 
In  1929  he  transferred  to  the  University  of  Hamburg  as  Privatdozent, 
but  remained  only  one  year.  In  1930  he  came  to  Princeton,  N.  J., 
which  remained  his  academic  address  afterwards. 

About  that  time  the  Springer  publishing  firm  solicited  him  to 
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write  for  their  so-called  Yellow  Collection  (this  was  not  the  official 
name)  a  volume  on  the  mathematical  foundations  of  quantum  me- 
chanics (#  47a).  While  negotiations  for  the  book  were  still  in 
progress,  von  Neumann  became  dissatisfied  with  the  galley  proofs 
of  an  article  in  print,  and  wanted  to  make  very  costly  revisions  in  it. 
The  journal  in  which  the  article  was  to  be  published  was  also  con- 
trolled by  Springer,  and  in  order  to  humor  him  they  let  him  make 
the  revisions  without  charge. 

Just  before  coming  to  Princeton  in  1930,  von  Neumann  married 
Marietta  Kovesi  in  Budapest.  They  were  divorced  in  1937,  shortly 
after  their  daughter  Marina  was  born.  She  is  his  only  child,  and  has 
been  Mrs.  Robert  Whitman  since  June  1956.  In  1938,  von  Neumann 
married  Klara  Dan,  also  originally  from  Budapest,  who  later  worked 
on  his  Computer  Project. 

From  1930  until  1933  he  was  Visiting  Professor  at  Princeton  Uni- 
versity, and  in  1933  became  a  permanent  member  of  the  Institute  for 
Advanced  Study,  which  academic  post  he  held  till  his  death.  He  soon 
became  widely  known  to  mathematicians  in  this  country,  at  first 
chiefly  to  senior  ones,  but  after  his  paper  on  almost  periodic  func- 
tions (#  55)  to  the  "rank-and-file"  as  well.  Until  1940,  when  the  war 
began  to  change  the  pattern  of  his  activities,  he  gave  lecture  courses 
fairly  regularly,  and  he  had  large  audiences.  Furthermore,  his  papers 
were  written  in  a  uniform  orderly  style  and  were  accessible  for  study 
by  younger  research  workers,  even  though  the  subject  was  a  difficult 
one. 

In  1935,  when  F.  J.  Murray  was  a  National  Research  Fellow  in 
residence  at  the  Institute  for  Advanced  Study,  von  Neumann  began 
the  study  of  algebras  of  operators  in  earnest.  Several  of  the  papers 
were  written  in  collaboration  (#  62,  #  70,  #  87)  with  Murray,  and 
Murray's  partnership  was  not  a  nominal  one.  There  were  many 
discussions  between  them  with  a  brisk  give-and-take  throughout.  An 
oflfshoot  of  these  studies  was  von  Neumann's  "continuous  geome- 
tries." They  are  typified  by  a  kind  of  projective  space  in  which  the 
hierarchy  of  linear  subspaces  of  increasing  dimension  is  no  longer 
specified  by  discrete  dimension  numbers  (that  is,  integer  numbers,  or 
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multiples  of  integer  numbers  with  some  common  factor)  but  by 
continuous  real  numbers  out  of  an  entire  interval.  This  was  the 
topic  of  his  Colloquium  Lectures  before  the  American  Mathematical 
Society  in  1937.  He  did  not  publish  the  lectures,  as  most  lecturers  do, 
but  several  sets  of  notes  found  among  his  papers,  written  as  always 
in  his  legible  round  hand,  may  have  been  intended  to  be  used  for 
this  purpose. 

Dr.  von  Neumann  was  elected  to  the  National  Academy  of  Sci- 
ences in  1937. 

After  completing  the  book  with  Morgenstern  in  1944,  von  Neu- 
mann's attention  turned  to  computing  machines  and,  somewhat 
surprisingly,  he  decided  to  build  his  own.  As  the  years  progressed,  he 
appeared  to  thrive  on  the  multitudinousness  of  his  tasks.  It  has  been 
stated  that  von  Neumann's  electronic  computer  hastened  the  hydro- 
gen bomb  explosion  of  November  i,  1952. 

When  the  war  came,  von  Neumann  was  called  to  serve  on  an  in- 
creasing number  of  upper  echelon  boards  and  committees  concerned 
with  armament  programs  or  the  utilization  of  nuclear  energy.  As 
most  of  the  research  work  involved  was  classified,  it  is  not  easy  to 
assay  what  kind  of  original  work  he  did.  But  all  published  citations 
which  he  received  are  unanimous  and  convincing  in  praising  him 
for  outstanding  contributions  in  many  areas  of  vital  importance. 

In  the  summer  of  1955,  only  a  few  months  after  his  appointment 
to  the  Atomic  Energy  Commission  had  been  approved  by  the  Senate, 
he  became  ill.  Cancer  was  soon  suspected,  but  he  continued  to  work 
fairly  regularly  for  several  more  months.  His  last  public  appearance 
was  early  in  1956  when,  in  a  wheelchair  at  the  White  House,  he  re- 
ceived the  Medal  of  Freedom  from  President  Eisenhower.  About  that 
time  it  began  to  be  known  that  he  was  not  expected  to  recover.  In 
April,  1956,  he  was  taken  to  the  Walter  Reed  Hospital,  where  he  re- 
mained till  the  end.  He  lingered  on  longer  than  was  expected,  dying 
on  February  8,  1957. 

Von  Neumann  was  baptized  a  Roman  Catholic  in  1930,  and  he 
died  in  the  faith.  He  is  buried  in  Princeton,  N.  J. 
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